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The  study  presented  in  this  report  was  performed  by  the  Los  Angeles 
Divisan  (LAD)  of  Rockwell  International  Corporation  (Rockwell)  under  U.S.  Air 
Force,  AFSC,  ASD,  Wright-Patterson  Air  Force  Base  Contract  F33615-77-C-3060. 
This  study  was  performed  for  the  Recovery  and  Crew  Station  Branch  (FER) , 
Vehicle  Equipment  Division  (FE) , Air  Force  Flight  Dynamics  Laboratory,  Air 
Force  Wright  Aeronautical  Laboratories,  Wright-Patterson  Air  Force  Base,  Ohio 
under  Project  2402  "Vehicle  Equipment  Technology",  Task  240203  "Aerospace 
Vehicle  Recovery  and  Escape  Subsystems",  Work  Unit  24020302  "Aircraft  Transpar- 
ency Failure  and  Cost  Analysis".  Mr.  C.  A.  Babish  III  (AFFDL/FER)  was  Labora- 
tory Contract  Manager. 

This  program  was  started  15  June  1977  and  submitted  by  the  authors  for 
approval  29  September  1978.  The  report  was  released  under  NA-78-604  by  Rock- 
well for  internal  control. 

Mr.  W.  D.  Dotseth  was  the  Program  Manager  for  Rockwell.  Contributing 
technical  personnel  were  S.  S.  Brown,  Deputy  Program  Manager,  Engineering 
Specialties;  0.  F.  Niedermann,  Engineering  Specialties;  H.  L.  Hayes,  Trans- 
parency Design;  R.  H.  Ewald,  Jr,  Operation  and  Proposals  Estimating;  and  W.  H. 
Hatton  of  Reliability. 

The  author  wishes  to  thank  the  field  audit  contacts  in  the  Air  Force,  in 
the  airframe  industry,  and  transparency  suppliers  for  their  cooperation  and 
valuable  assistance  in  collection  of  maintainability  and  logistical  support 
data. 

This  report  is  assembled  in  three  separate  volumes  to  provide  a pres- 
entation of  study  results  that  permits  easier  access  to  and  handling  of  the 
data  collected  and  presented  herein.  The  separate  volumes  are: 

Volume  I - PROGRAM  SUMMARY 

Volume  II  - DESIGN  DATA  AND  MAINTENANCE  PROCEDURES 

Volume  III  - TRANSPARENCY  ANALYSIS 
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steps.  The  first  step  was  to  deter- 


The  analysis  was  carried  out  in  two 
^nations  for  the  different  types  transparencies 


SECTION  I 


INTRODUCTION 

The  primary  objective  of  this  program  is  to  identify  design  improvements 
of  transparency  systems  that  will  reduce  the  Air  Force  Logistic  Comand's  cost 
of  ownership.  The  approach  utilized  to  effect  this  goal  was  to  make  a survey 
of  the  maintenance  and  installation  procedures  of  20  selected  aircraft  (figure 

1)  currently  being  used  at  the  five  air  logistics  centers  and  eight  selected 
Air  Force  operational  bases.  From  the  data  collected  and  evaluated,  five 
design  improvements  resulting  in  cost  reduction  were  developed. 

This  program  is  an  extension  of  two  previous  programs  (references  1 and 

2)  that  were  conducted  to  study  failure  modes,  maintenance  procedures,  and  the 
associated  logistical  support  costs  for  transparency  systems.  The  extent  of 
the  analysis  developed  in  these  previous  studies  was  to  search  historical 
maintenance  and  logistical  cost  records,  and  categorize  the  physical  trans- 
parency characteristics,  failure  modes,  frequency  of  failures,  and  costs  in  a 
readily  identifiable  and  inclusive  statement  of  the  problem. 

The  intent  of  this  study  is  to  expand  the  research  of  the  transparency 
problems  in  greater  depth,  identify  and  recommend  changes  in  maintenance  pro- 
cedures, and  recommend  design  improvements  that  will  reduce  failures  and  cost 
of  maintenance. 

The  definition  of  transparency  systems,  as  considered  in  this  study,  is 
listed  in  figure  2.  They  include  three  categories: 

1 . Transparency  components 

2.  Interactive  support  systems 

3.  Support  structures 


1 


The  transparency  components  consist  of  the  primary  elements  of  windshield 
panel  assemblies,  canopy  transparency  and  frame  assemblies,  and  cabin  windows. 
The  interactive  support  systems  include  only  the  major  components  of  the 
subsystem.  For  example,  sensors,  bus  bars,  controllers,  and  toggle  switches 
for  anti-icing  systems;  integral  and  adjacent  ducts,  diffusers  and  control 
valves  for  defogging;  actuators,  links,  and  latches  are  included.  Ancillary 
items  such  as  wiring,  switches,  tubing,  etc,  are  not  included.  Support  struc- 
ture considers  only  those  members  that  form  an  edge  member,  adjacent  contact 
with  edge  member,  or  part  of  a frame  assembly. 


2 


Included  within  the  tables  is  the  tabulation  of  the  error  in  the  equation 


BOMBERS 

- B-52,  B-57,  AND  FB-111 
ATTACK 

- A-7D  AND  A-37 
CARGO/TRANSPORT 

- C-Sj  C-9,  C-130,  C/KC-135,  AND  C-141 
FIGHTERS 

- F-4,  F-15,  F-105,  AND  F-lll 
TRAINERS 

- T-37j  T-38,  AND  T-39 

OBSERVATION/UTILITY 

- 0-2  AND  0V-10 

HELICOPTERS 

- CH-3,  CH-53,  AND  UH-1 


Figure  1.  Study  Aircraft 
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1.  WINDSHIELDS 

2.  CANOPIES 

3.  WINDOWS 
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SECTION  II 


TASK  III  - TRANSPARENCY  ANALYSIS 


EVALUATION  PROCESS 


The  normal  approach  utilized  in  a maintenance- type  study  is  to  conduct  a 
reliability- type  analysis  that  is  keyed  to  frequency  of  failures  with  inter- 
active review  of  maintainability,  logistics,  and  cost.  In  view  of  the  Air 
Force's  demonstrated  concern  for  cost,  this  program  focuses  on  the  identifica- 
tion of  high-cost  contributors  with  interactive  review  of  maintainability, 
reliability  (frequency  of  failures),  and  logistics.  The  end  results  of  both 
approaches  are  essentially  the  same.  However,  the  selected  approach  will 
result  in  a quicker  identification  of  problems  for  achieving  the  stated  objec- 
tives . 

Figure  3 diagrams  the  steps  utilized  in  developing  a detailed  failure 
analysis  and  identification  of  candidate  improvements.  Logistical  support 
cost  (K051)  ranked  by  work  unit  code,  is  inserted  into  the  maintainability 
analysis  model  (MAM)  program,  see  figure  4.  At  the  same  time,  maintenance 
data  from  AFM  66-1,  Maintenance  Data  Collection  System  (MDCS)  (reference  7), 
are  inputed  into  the  MAM's  program.  The  output  results  in  a tabulation  of 
how-malfunctioned,  when  discovered,  action  taken,  maintenance  man-hours, 
flight  hours,  and  logistical  costs  for  each  selected  work  unit  code.  Figures 
S and  6 are  sample  pages  of  the  printout  format  of  the  maintenance  actions  and 
various  parameters  used  to  identify  and  determine  failure  modes.  The  MAM's 
printout  will  vary  from  30  to  200  pages  of  printout,  depending  on  the  complex- 
ity of  the  transparency  configuration. 

When  failure  modes  as  extracted  from  MDCS  of  AFM  66-1  are  inadequate, 
alternate  data  sources  from  field  audit  trip  notes  and  collected  reference 
material  are  used  to  supplement  the  analysis,  and  it  is  from  this  array  of 
data  that  candidate  items  are  established. 


CANDIDATE  IMPROVEMENT  SELECTION  CRITERIA 


The  decision  to  proceed  with  a cost  trade  study,  or  to  document  and  file 
the  study  results,  is  determined  by  the  following  considerations: 

1.  Study  aircraft  will  be  in  Air  Force  for  at  least  10  more  years. 

2.  Design  improvement  will  achieve  substantial  reduction  in  annual 
logistical  support  costs. 

3.  Design  improvement  will  pay  for  itself  within  3 years  of  inplementa- 
tion  (goal). 

4.  Design  improvement  will  achieve  a significant  saving  in  life-cycle 
cost  over  a 10-year  period. 

If  one  or  more  of  items  2 through  4 appear  to  be  achievable,  a trade 
study  will  be  implemented  to  ascertain  the  estimated  cost  saving  of  the  pro- 
posed changes. 

COST-EFFECTIVE  TRADE  STUDY 

Having  determined  the  candidate  improvements,  the  task  of  meeting  the 
selection  criteria  must  be  verified.  In  order  to  ensure  that  the  proposed 
changes  are  viable,  a cost  comparison  representing  the  existing  maintenance 
effort  and  the  cost  estimated  for  the  revised  concepts  or  approaches  are  made. 
The  current  costs  and  procedures  must  be  carefully  examined  to  factor  infla- 
tionary cost  increases , aircraft  attrition  rates,  and  to  correct  discrepant 
inputs  that  inadvertently  find  their  way  into  the  maintenance  tracking  system. 
This  was  accomplished  by  correlating  both  the  collected  field  audit  data  and 
the  information  gained  through  verification  calls  with  field  audit  contacts, 
with  the  AFM  66-1  data. 


The  assessments  of  the  proposed  changes  accounts  for  both  the  nonrecurring 
development  costs  and  the  recurring  manufacturing  costs,  ar  costs  associated 
with  the  modification  effort.  Care  is  exercised  to  consider  the  developmental 
and  specialized  testing  and  requalification  noted.  Figure  7 shows  a schematic 
representation  of  the  analysis  method  used  for  the  cost-effective  trade  study. 


If  the  trade  studies  based  on  a comparable  timespan  result  in  reduced 
maintenance  and  reduced  cost,  the  proposed  changes  in  design  or  in  procedure 
are  recommended  for  incorporation  into  the  appropriate  weapon  system. 


LOGISTICAL  FAILURE 

COST  ANALYSIS  ANALYSIS 

DATA  SOURCE  HIGH  COST  » MAM'S — »j  FAULT  TREE 

AIR  FORCE  y CONTRIBUTOR  MAINTENANCE  FAILURE 
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Figure  4.  Failure  Analysis  Maintenance  .Analysis  Model  (MAMS) 
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i-igure  6.  Sample  Maintenance  Analysis  Model  (MAMS) 


DEFINE  NON 

CANDIDATE  RECURRING 


PRODUCTION 

DEVELOPMENT 

• DEVEL  ANAL 

•develmatl 

• TOOLING 

• TOOL  MATL 

TEST 

& REQUAL 

• OPTICAL 

•structural 

• BIRD  PROOF 

• ENVIRONMTL 

WM  Hi 

ENGRG 

• DESIGN 

• DOCUMENT 

• HNDBK REV 

• TCTO  PREP 

Z 

0» 

o 

3 

(- 

< 

<2  OC 

o 

< 71  Ol 

o ± 

i-  in  uj  u i 

-j  a 

5 ? Si  o o 

uj  o 

u.  2 

u 2 i 

-J  ^ Q-  UJ 

OD  o o 2b  I 

< < < <r  x t- 

S U.  o CL  M O 


o 

z 

o 

z 

OC 

< o CC 

C J 

2 CC  UJ 

z 

C/5  O I 

UJ 

3 z {r 

C/5  UJ  O 

• • 

z 

o 

b- 

< 

o 

Z uj 

UJ  rj 

S CC 

5 O 

O u- 

o a; 

ujoi 

CC  h < 


U-  O C/5 

ui  uj  o 
O CC  O 


C/5  Q «c 
O UJ  2 

u tr  o3 


< * p 

ui  o < 
CE  2 2 

_i  a 2 s 

< < £ UJ 
rr  ^ a.  O 

uj  U - i 

a!  < X o 

<A  0L  C/5  O 

• • • 


2 Z 
UJ  £3 
h-  c/5  = 
C/5  UJ  (O 

o a uj 
CJ  a.  a 


Figure  7.  Cost-Effective  Trade  Study 
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SECTION  III 


DATA  ANALYSIS 


DATA  ANALYSIS 


Information  on  aircraft  transparency  types,  missions,  design  characteris- 
tics, and  environmental  factors  has  been  identified  and  categorized  for  the  20 
selected  aircraft.  The  associated  reliability  and  maintainability  cost  data 
was  collected  and  compared  to  these  factors.  The  data  has  been  reviewed  and 
the  primary  contributors  to  logistic  support  cost  identified  and  reviewed  for 
potential  cost-effective  changes  (reference  Volume  I,  section  II).  The  pro- 
posed changes  that  have  resulted  from  this  review  are  summarized  in  section 


An  analysis  was  conducted  to  determine  the  correlation  between  logistics 
support  costs,  which  are  a function  of  the  reliability  and  maintainability 
cost,  and  the  aircraft  design,  operational  and  environmental  parameters.  In 
addition,  equations  were  derived  to  estimate  the  logistics  support  cost  in 
terms  of  these  parameters.  The  analysis  was  carried  out  using  stepwise  regres 
sion  techniques,  and  USAF  K051  logistics  support  cost  data  and  AFM  66-1  mainte 
nance  man-hour  data  for  20  operational  Air  Force  aircraft. 


The  regression  analysis  was  conducted  using  the  UCLA  Biomedical  computer 
program  entitled,  "Stepwise  Regression  BMD02R"  (reference  14).  A complete 
description  of  the  computer  program  is  provided  in  the  University  of  California 
publication  in  automatic  confutation  No.  2,  entitled,  "Biomedical  Computer 
Programs." 


Reference  14.  W.  J.  Dixon,  "Biomedical  Computer  Programs  - University  of 

California  Publications  in  Automatic  Computation,"  BMP  Nlumbe: 
Library  of  Congress  Catalog  Nunber:  72-98008,  University  of 
California  Press,  Berkeley  and  Los  Angeles  California,  Third 
Edition  1973,  Second  Printing  1974 
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The  analysis  was  carried  out  in  two  steps.  The  first  step  was  to  deter- 
mine correlations  and  equations  for  the  different  types  v-i  transparencies 
using  all  the  data.  The  second  step  was  to  limit  the  analysis  to  the  design 
data  and  operational  data  which  would  normally  be  available  during  the  concep- 
tual phase  of  design. 

DEVELOPMENT  OF  DATA  FOR  ANALYSIS 

Logistics  support  costs,  flight  hours  and  number  of  flights  were  extracted 
from  USAF  K051  tabulations  for  the  period  July  1976  through  June  1977.  AFM 
66-1  maintenance  data  for  the  period  January  1976  through  June  1977  were 
utilized  to  determine  man-hours.  The  environmental  parameters  were  average 
values  computed  from  Air  Force  data  (reference  15)  considering  the  operational 
base  for  each  type  of  aircraft.  Aircraft  and  transparency  parameters  were 
derived  from  Air  Force  documents.  The  parameters  used  in  the  analysis  are 
shown  as  the  headings  in  tables  1,  2,  and  3. 

GENERAL  CORRELATION 

Four  different  logistics  support  cost  parameters  were  examined: 

1.  Logistics  support  dollars  per  flight  hour 

2.  Maintenance  man-hours  per  flight  hour 

3.  Logistics  support  dollars  per  year  per  aircraft 

4.  Maintenance  man-hours  per  1.5  years  per  aircraft 


Reference  15.  J.  C.  Sims,  lLt. , USAF,  "Climatic  Data,"  AFSC  Letter  - WE,  Air 
Force  Flight  Dynamics  Laboratory,  Wright-Patterson  Air  Force 
Base,  OH  45433,  17  January  1978 
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The  transparencies  were  divided  into  the  following  categories  for  the 
analysis : 


1.  Canopies 

2.  Windshields 

3.  Windshields  and  other  cockpit  windows 

The  correlation  between  the  logistics  support  cost  (LSC)  parameters  and  the 
data  parameters  is  shown  in  tables  1,  3,  and  4.  The  data  that  have  the 

strongest  correlation  to  the  LSC  parameters  are  circled  in  tables  1,  2,  and  3 
and  listed  in  table  4.  The  parameter  with  the  strongest  correlation  is  always 
the  first  variable  used  in  deriving  the  regression  equations.  Table  4 shows 
that  the  aircraft  design  parameters  had  the  strongest  correlation  to  logistics 
support  cost  and  man-hours  in  eight  of  the  twelve  cases  evaluated.  There  were 
two  cases  where  the  transparency  weight  had  the  strongest  correlation. 


EQUATION  FOR  ESTIMATING  LSC  DURING  THE  CONCEPTUAL  PHASE 

One  of  the  objectives  of  this  analysis  was  to  derive  equations  that  could 
be  used  during  the  conceptual  design  phase  for  estimating  LSC  parameters. 

Since  base  environmental  parameters  are  usually  not  known  during  the  conceptual 
phase,  they  were  excluded  from  the  equations. 

The  equations  that  resulted  from  the  analysis  are  shown  in  tables  5 
through  7.  A typical  example  of  the  equation  derived  is  the  equation  for 
logistic  support  cost  per  flight  hour  for  canopies  (table  5)  which  is  equal 
to: 

-> 

-19.46402  - 0.65119  (transparent  area  - in.*")  + 13.85458 
(number  of  transparent  panels)  + 28.92589  (height  of  trans- 
parency from  ground  - ft)  - 0.17236  (cruise  altitude  - ft)  + 

21.0433  (stall  speed  - knots)  - 2.34853  (landing  distance  - 
ft)  - 1.08204  (A/C  gross  weight  - lb)  - 8.88644  (maximum  G- 
loads)  - 1.05456  (flight  hours  per  A/C  per  year) 
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Included  within  the  tables  is  the  tabulation  of  the  error  in  the  equation 


as  a function  of  the  variable  entered  in  the  equation  and  the  residual  error 
that  occurred  when  the  actual  data  are  used  in  the  equation.  Canopies  have 
the  least  residual  when  the  transparency  characteristics  are  computed  using 
the  original  data. 


The  equations  for  maintenance  man-hours  produced  a better  correlation 
than  the  equations  for  logistic  support  costs.  The  parameter  with  the  strong- 
est correlation  to  the  cost  was  cruise  altitude  which  is  the  first  variable 
entered  in  four  of  the  equations  followed  by  maximum  G which  was  first  in 
three  of  the  equations. 

The  majority  of  the  variables  in  the  equation  are  aircraft  design  param- 
eters such  as  cruise  altitude.  Most  of  the  equations  contain  only  one  or  two 
transparency  design  parameters  such  as  transparency  weight  or  area.  As  a 
result,  the  primary  usefulness  of  the  equation  would  be  to  estimate  costs  of 
man-hours  for  a conceptual  aircraft.  The  equation  would  have  only  a limited 
application  in  estimating  cost  and  man-hours  for  trading  off  candidate  trans- 
parency configurations  with  changes  in  those  parameters  contained  within  the 
equations . 


EQUATIONS  DERIVED  USING  ALL  DATA 


Equations  were  also  derived  using  all  the  parameters  to  estimate  logistic 
support  cost  when  base  environmental  parameters  are  available.  The  use  of 
environmental  parameters  resulted  in  lower  residual  in  most  cases.  The  most 
significant  improvement,  the  maintenance  man-hour  per  aircraft  for  canopies, 
can  be  seen  by  comparing  the  residual  in  tables  8 through  10. 
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Strongest  correlation  to  LSC  parameters 


C3  Strongest  correlation  to  LSC  parameters 


Urcratt  design  parameters 

Nfcix  'tax  ] Max  Cruise  Cruise  rakeoff  Stall 

i g speed  alt  speed  alt  dist  speed 

| (2b)  ( 18)  1 (19)  CO)  (.21  > (22)  (23) 

lund  vnj; 
dist 
(24) 

Cross 
we i ght 

c:s) 

vm 

per 

vc 

|4S) 

U uidshield 

*i  C 

LSC 

|H?r 

fit 

hr  i 

2) 

'Ml 

per 

fit 

TABLE  3.  BASE  ENVIRONMENTAL  CHARACTERISTICS  CORRELATION  MATRIX 


TABLE  4.  PARAMETERS  WHIG!  HAVE  STRONGEST  CORRELATION  TO  LOGISTIC  GOST  AND  MAN-HOURS 
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MAINTENANCE  MAN-HOURS 


MAINTEMAHCC  MAN-HOURS  LOGISTIC  SUPPORT  COST 


TABLE  6.  ESTIMATED  WINDSHIELD  LSC  EQUATIONS  FOR  CONCEPTUAL  PHASE 


LOGISTIC  SUPPORT  COST 
PER  FLIGHT  HOUR 


equation 


VARIABLE 

COEFFICIENT 

(CONSTANT 

-441.55688 

AREA 

7 

2.61744 

weight 

_ 8 

-1  . i: 447«5 

thknes 

9 

-163.99594 

PANELS 

1 1 

61 .931 44 

HEIGHT 

12 

45.51576 

MX  SPO 

18 

-47 . 7mnn 

MX  ALT 

19 

1 .09485 

todist 

22 

-6.61373 

STL  SP 

23 

299.99976 

LD  OST 

24 

-3 . Rtflfid 

GRS  WT 

25 

-0.63872 

MAX  G 

26 

-27.95491 

KFH/AC 

59 

12.201 14 

step 


VARIABLE 


multiple 


NUMBER 

ENTERED  REMOVED 

R 

RSO 

1 

CR  ALT  21 

0.3596 

0.  1293 

2 

MAX  G 26 

0.4122 

0. 1699 

3 

MX  ALT  19 

0.4564 

0.2083  __ 

4 

THKNES  9 

0.4907 

0.2408 

5 

PANELS  11 

0.5269 

0.2777 

6 

TODIST  22 

0.5876 

0.3452 

7 

HEIGHT  12 

0.6322 

0.3997  ___ 

8 

CR  ALT  21 

0.6321 

0.3995 

9 

GRS  WT  25 

0.6479 

0.4198 

10 

MX  SPO  18 

0.6611 

0.4370 

1 1 

STL  SP  23 

0.6765 

0.4576  _ 

12 

KFL/AC  60 

0.6884 

0.4738 

13 

LD  OST  24 

0.6957 

0.4840 

14 

WEIGHT  8 

0.7072 

0.5001 

15 

AREA  7 

0.7103 

0.5046  _ 

r i6 

KFM/AC  59 

0.7123 

0.5074 

LIST  Of  nESlnUAIS 


CASE 

NUMBER 

Y 

X<  2) 

Y 

COMPUTEO 

RESIOUAL 

1 

80.7490 

48.0933 

32.6557 

2 

26.4220 

-79.2246 

105.6466 

3 

47.9420 

57.6577 

-9.7157 

4 

32.6380 

109. .7395 

-77. 1015 

5 

44 . 0650 

128.9243 

-84.8593 

6 

57.4640 

62.9666 

-5.5025 

7 

5.8050 

1 4. 9570 

-9.1520 

8 

20.2280 

154.0857 

-133.8577 

9 

88.7840 

-31 .0513 

119.8353 

10 

73.2360 

59.  3315 

13.9044 

1 1 

71 .5060 

18.6113 

52.8947 

, 12 

14. 1280 

22.2888 

-8. 1608 

13 

51 .8450 

39. 2529 

12.5921 

14 

43.2960 

8. 1082 

35. 1879 

15 

32.3830 

45.4221 

-13.0391 

16 

7.33.5029 

416.5728 

316.9302. 

17 

48. 1 180 

280.9094 

-232.7914 

18 

26.6690 

74. 1 934 

-47.5244 

19 

7.0110 

-12.8428 

19.8538 

20 

6.6740 

91 .9250 

-85.2510 

2! 

26. 7520 

-24.9546 

51 .7066 

22 

18.5020 

72.7739 

-54.2719 

MOW 


TABLE  6.  ESTIMATED  WINDSHIELD  LSC  EQUATI 

ONS  FOR  CONCEPTUAL  PHASE  (CONT) 

EQUATION 

variable  coefficient 

(CONSTANT 

94.29761 

AREA 

7 

-1 .20487 

WEIGHT 

8 

0 . 37964  I 

thknes 

9 

7.65678 

LAYLRS 

10 

6.3'C93 

maintenance  man-hours 

PANELS 

1 1 

17.05223 

HEIGHT 

12  _ 

-9.52310 

MX  SPO 

18 

5.43398 

MX  ALT 

19 

-0.12125 

CR  SPO 

20 

64.43751 

^.CR  ALT 

21 

-0.27659 

TOD  I S T 

22 

0.26023 

STL  SP 

23 

-15. 59541 

LO  OST 

24 

-3. i 9364 

GR5  WT 

25  _ 

0. 10276  _ 

MAX  G 

26 

-10. 1 1339 

KFH/AC 

59 

-15.99253 

, KF  L/ AC 

60 

4.09C96 

STEP 

NUMBER 


VARIABLE 

ENTERED  REMOVED 


multiple 

R RSQ 


CASE 

NUMBER 


KFL/AC 

60 

0.3767 

MAX  G 

26 

0.5060 

LAYERS 

10 

0.5525 

KFH/AC 

59 

0.5649 

CR  SPO 

20 

0.5761 

LO  OST 

24 

0.6574 

CR  ALT 

21 

0.7304 

PANELS 

1 1 

0.7599 

MX  ALT 

19 

0.7843 

KFL/ AC  60 

0 . 7843 

AREA 

7 

0.7914 

HEIGHT 

12 

0 . 7951 

WEIGHT 

3 

0 . 8404 

KFL/ AC 

60 

0 .8450 

MX  SPO 

18 

0.8522 

GRS  WT 

25 

0 . 8644 

STL  SP 

23 

0.S663 

TOO  1ST 

22 

0 . 8655 

Jhknes. 

9 

0.8690 

0. 1419 
0.2560 
.0.3052 
0 . 3 l S 1 
0. 33*.  8 
0.4322 
0.5335 
0.5775 
0.61S1 
0.6150 
0.6263 
0.5322 
0.7063 
0.7141 
0.7262 
0.7472 
0.~505 
0.7544 
J5.7552 


Y 

X(  4) 

r 

COMPUTED 

residual 

57.3400 

62.5170 

-5. 1 770 

10. 1800 

5. 1298 

13.0512 

24.5700 

27.5043 

-2 . 9342 

23. 1900 

32.4480 

-9 . 2580 

28.9200 

41 . 3057 

-1 2 . 3857 

51 .5700 

52.2620 

-0.6920 

3 . 4600 

4 . 8204 

-1  .3604 

12.7900 

27.9677 

-15.1 777 

100 . 8200 

82. 7AS2 

1 8 . 0348 

5 f .4600 

50. 1 757 

1 .2843 

53.4700 

44.6770 

9.7930 

12.6100 

16.9026 

-4 . 2926 

36.6700 

31.4145 

5.2555 

53.7300 

48.2904 

5.4396 

27.0900 

39. 6R35 

-12 . 5985 

62.0700 

29. 1571 

33 . 71 29 

38.5400 

57.8882 

-19.3482 

18.2500 

16.270Q 

1 .9792 

4.9100 

0.9993 

3.9107 

0.5700 

8. '931 

-8 . 2231 

24.8600 

17.2589 

7.6011 

11.7100 

19.3226 

-7.6126 

TABLE  6.  ESTIMATED  WINDSHIELD  LSC  EQUATIONS  FOR  CONCEPTUAL  PHASE  (CONTI 

EQUATION 

VARIABLE  COEFFICIENT  j 

(CONSTANT 

-14.27750 

AREA  7 

0. 10939 

WEIGHT  8 

-0.02792 

j THKNES  9 

-7.63063 

„ ^ lasers  10 

0.48567 

LOGISTIC  SUPPORT  COST  panels  11 

2.05274 

PER  AIRCRAFT  .height  12 

1 .41255 

MX  SPO  18 

-1 .71527 

MX  ALT  19 

0.04051 

CR  SPO  20 

1 .4e309 

TODIST  22 

-0.30390 

STL  SP  23 

10.43630 

LO  DS T 24 

-0. 13972 

GRS  WT  25 

-0.01935 

MAX  G 26 

.33619 

KFH/AC  59 

0.69639 

KFL/AC  60 

-0.70036 

STE° 

VARtABLE 

MULTIPLE 

NUMBER 

ENTERED  REMOVED 

R RSO 

MAX  G 26 

0.3641 

0.1326 

TOO  1ST  22 

0.4568 

0.2087 

P AN  F 1 5 11 

0.52Q0 

0.2799 

STL  SP  23 

0.5063 

0.3438 

AREA  7 

0.6036 

0 . 3644 

MX  ALT  19 

0.6134 

0 . 3703 

mx  <;po  i R 

0.6369 

0.4056 

THKNES  9 

0.6496 

0.4220 

HEIGHT  12 

0.6753 

0.4500 

GRS  WT  25 

0.6949 

0.4329 

i n n<iT  id 

0.70R0 

0.5013 

kfl/ac  GO 

0.7150 

0.5124 

WEIGHT  0 

0.7106 

0.51G4 

KFH/AC  59 

0.7234 

0.5233 

ro  <;pn  in 

0.7255 

0.5259 

LAYERS  10 

0.7259 

0.5269 

IMUig.L«*n.TCT1 


TABLE  6.  ESTIMATED  WINDSHIELD  LSC  EQUATIONS  FOR  CONCEPTUAL  PHASE  (CONCL) 


EQUATION 

E COEFFICIENT 


(CONSTANT 
AREA  7 

.WEIGHT  _8 


0 . 1 4964  )| 
-0.07908 

_0.03887_J 


maintenance  man-hours 

PER  AIRCRAFT 


STEP 

NUMBER 


THKNES 

9 

-1 . 27592 

LAYERS 

10 

0.08374 

PANELS 

1 1 

0.22930 

..height 

12 

rO. 72017 

MX  SPO 

10 

0. 19431 

MX  ALT 

19 

-0.00435 

CR  SPO 

20 

4.07090 

— CR  ALT 

21 

-0.01499 

ICO  1ST 

22 

-0.02948 

STL  $P 

23 

-1 .95039 

LO  OST 

24 

-0. 1 2902 

GRS  WT 

25 

0.00716 

MAX  G 

26 

-0.84295 

KFH/AC 

59 

-0.47572 

VARIABLE 

ENTERED  REV.QVEO 


WEIGHT  8 
HEIGHT  12 
_MAX  G 26. 
CR  SPO  20 
KFH/AC  59 
LO  OST  24 
,CR  ALT  2L 
STL  SP  23 
T 00 1ST  22 
LAYERS  10 

-AREA 7_ 

GRS  WT  25 
MX  ALT  19 
MX  SPO  18 
-JHKNES-  a_ 
PANELS  1 1 


MULTIPLE 
R RSQ 


0.7237 
0.7530 
_0 . 790 1 _ 
0.8221 
0.0423 
0.8731 
.0 . 9057  _ 
0.9188 
0.9261 
0.9310 
.0.9358, 
0 . 9384 
0 . 9397 
0.9419 
_Q . 944  1 _ 
0.9452 


0.5238 
0.5669 
. 0 . 6005 
0.6759 
0.7095 
0.7624 
,0.0202 
0 . 844  1 
0 . 8576 
0 . 6607 
.0.8758 
0.8805 
0 . 8929 
0.887  1 
-0.8913 . 
0.0934 


TABLE  7.  ESTIMATED  WINDSHIELD  AND  OTHER  COCKPIT  WINDOWS  LSC  EQUATIONS  FOR 
CONCEPTUAL  PHASE  (CONCL1 


MAINTENANCE  MAN-HOURS 
PER  AIRCRAFT 


variable 

coefficient 

( constant 

AREA  7 

8.64835  ) 
-0 . 1 0323 

WEIGHT  a 
THKNES  9 
LAYERS  tO 
PANELS  1 1 

0 . 02039 
3.69337 
2.58390 
-0 . 06778 

HEIGHT  12 

MX  ALT  19 

CR  SPO  20 

CR  ALT  21 

-1 . 38146 
-0.00719 

4 . 93009 
“0 . 02004 

TODIST  22 

STL  SP  23 

LO  OST  24 

GRS  WT  25 

“0.05901 

4 . 02984 
-0.21465 
0.03168 

MAX  a 26 
KFH/AC  59 
KFL/AC  60 

“1 .31645 
-0.70902 
0.24318 

entered  removed 


WEIGHT  8 

_MAX  G 26__ 

CR  SPD  30 
layers  10 

ID  OST  24 
_MX  SPD  1B_ 
KFL/AC  60 
TODIST  22 
HEIGHT  12 
GRS  WT  25 
CR  ALT  21 
AREA  7 
KFH/AC  59 

MX  ALT  19 
STL  SP  23 


KFL/AC  60 


THKNES  9 

KFL/AC  60 
PANELS  It 

^ LIST  OF  RESIDUALS 

CASE  Y 

_NUMBER X ( 48  > 

1 2.4041 

2 0.594  8 

3 6 . 468  0 

4 1.2079 

5 1.0581 

6 6.7145 

7  3 . 1 55  6_ 

8 2.8518 

9 11.6030 

10  1 3 . 549  2 

1J 1_.76 1 6_ 

12  0.3562 

13  1.0731 

14  1.6026 

15 U431  4_ 

16  1.4324 

17  1 .090  9 

18  0.9894 

19 0.332  L_ 

20  0.0168 

21  5.6879 

0.3578 


MX  SPD  18 


0.7366 
_0^7648_ 
0.7979 
0.8165 
0.8319 
_0_.  84  34 
O.860S- 
0.8769 
0.8840 
0.9056 
0 .921~4 
0.9298 
0.9374 
0.9373 
0.9423 
0.9434 
0.9434 
0.9438 
0.9451 
C . 9455 


0.5426 
0.5850 
0.0366 
0.6667 
0.6920 
_0 . 7 1 1 4 
077405 
0.7690 
0.7814 
0.9202 
0.8489 
0.8646 
0.3786 
0.3786 
0.8880 
0.8900 
0.8900 
0.8908 
0.8932 
0-8939 


Y 

£OMPUTED_ 

3.3477 
-0.2155 
_7_-.3798_ 
1 . 6895 
2.3269 
6. 97S5 

3. 5954_ 

4. 1825 
9.4302 
12. 4028 

0_.  4430- 

1 . 3254 
-0.2727 
1 . 3932 

2.8455, 

-0. 9094 
1 . 7687 
0.6994 

-=1.0332- 

1 .1954 
5.5042 
1 . 6653 


-0. 94  3 6 
0.8102 
_H>.9118_ 
-0.4816 
-1 .2688 
-0.2611 
-TO.,  4 398_ 
-1 .3307 
2.1728 
1 . 1464 

L3186- 

-0.9692 
1 .3458 
0.2094 
-1 ,4142 
2.3418 
-0.6778 
0.2900 
1.3653 
-1 .1786 
0.1837 
-1.3075 


TAHLL  8.  LSI  IMATLD  CANOPY  LSC  bQUATIONS  FOR  ALL  VARIABLLS 
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TABLE  9.  ESTIMATED  WINDSHIELD  LSC  E0UAT10NS  FOR  ALL  VARIABLES  (CONT) 

equation 

(..VARIABLE  coefficient! 


VARIABLE 
I CONSTANT 
THKNE5  9 
CATERS  10 

panels  t 1 

MX  SPO  18 

LOGISTIC  SUPPORT  COST  mx  ALT  19 
PER  AIRCRAFT  CR  SP?  20 


step 

NUMBER 


CR  SPO  20 
CR  ALT  21 
TOOIST  22 

S.IL  SP_23 

LD  OST  24 
GRS  WT  25 
MAX  G 26 

.ALEV 21 

EXMX  T 28 
CXMN  T 29 
M MX  T 30 

_MXWOSP_32 

HMOTOA  34 
HMDT13  35 
MPBCPT  38 

variable 

ENTERED  REMOVED 


-355.05688  ] 
-7.84145 
10.70743 
5.S6683 
0.32104 
<L06Ufi_ 

6.6)024 
-0.03915 
-0.3 1356 

-1 .71404 
0.04613 
-2.87563 
0. 10567 
1 . 18623 
-0.80591 
2. >3265 
-0.05 540 
0.12595 
-0.28187 
1 .19477 


MAX  G 26 
HMQT04  34 

CR  ALT- 21 

MXWOSP  32 
HM0T13  35 
EXMN  T 29 

T0oisf~75 

CR  SPO  20 
PANELS  11 

EXMX  T 28 

ThknSS  9~ 

I 

LO  OST  24 
MPRCPT  36 
ELEV  27 
MX  SPO  18 
CATERS  10 

- 

M MX  T 30 
EXMN  T 29 
GRS  NT  25 

STL  SP  23 

MX  ALT  19 
HMQTQ4  34 
LIST  OE  RESIOUALS 


EXMN  T 29 


HMOTOA  34 


0.3641 

0.4593 

"575407" 

0.6209 

0.6491 

0.6894 

"cmisr" 

0.7553 

0.7829 

0.8130 

o.'aAsS" 
0.8456 
0.6584 
0.8709 
0.8935" 
0.9256 
0.9310 
0.9309 
0.9366 
0.9535 
0.9839 
0.9791 
0.9998 
1 .0000 


0.1326 

0.2110 

"572524" 

0.3855 

0.4214 

0.4753 

■"575085 
0.5705 
0.6129 
0.6609 
0.7150 
0.7150 
0.7369 
0.7584 
0 . 7984 
0.8568 
0.8667 
0.8667 

“578772 
0.9091 
0.9291 
0.9586 
0.5996 
1 . 0000 


2.2602 

0.6224 

2.0165. 

1.0997 
1 .241  I 
3.7909 

0..  781  7_ 

1 .0665 
3.0021 
,8.5723 

L.  338  3. 

0.3356 
1 .0078 
1 .4725 
- 1.1824 

25.861 9 
1 .5082 
o.ast  0 
_0*32L8. 
0.2653 
2.8500 
0.7457 


2.2803 

0.6218 

2.,  0059. 

1 . 1084 
1 . 2520 
3.8108 
_0.7849_ 
1 . 0930 
2.9614 
8.5654 

L..2856. 

0.3511 
1 . 0300 
1.4714 

_L.J628_ 
25.8657 
1.5029 
0. 8589 
-0.3315. 
0.2678 
2.8516 
0.7403 


-0.0201 
0 . 0006 
J5.0106 
-0.0087 
-0.0108 
-0.0199 
10.0032. 
-0.0286 
0.040  7 
0.0069 
_ft.0527_ 
-0.0154 
-0.0222 
0.0011 
_C*D1 95_ 
-0.0038 
0.0053 
-0.0079 

-0.0022 
-0.0016 
0 ■ 0054 


TABLE  9.  ESTIMATED  WINDSHIELD  LSC  EQUATIONS  FOR  .ALL  VARIABLES  (CONCL) 

EQUATION 


PER  AIRCRAFT 


VARIABLE 

coefficient 

(CONSTANT 
AREA  7 

’WEIGHT  8 , 
LAYERS  10 

-15.27391 
-0. 15206 

0 . 02310 
0.00615 

PANELS  1 1 
HEIGHT  12 

CR  SPO  20 

CR  ALT  21 

-0 . 22094 
-1 . 14009 

4 . 06394 
-0.03243 

TOO  1ST  22 

LO  DST  24 

GRS  WT  25 

MAX  G 26 

0.01 442 
-0 . 17790 

0 . 02374 
-0.51204 

ElEV  27 

EXMX  T 28 

EXMN  T 29 
_M  MN  J_3  1 

0.01462 

0.28913 

0.01085 

MXWOSP  32 

M MOSP  33 
HMOT04  34 
— MfLRCPI  JQ 

-0. 19383 
2.72449 
-0. 18487 
0.27Q4B.. 

STEP 

VARIABLE 

MULTIPLE 

number 

ENTERED  REMOVED 

R RSO 

WEIGHT  8 

0.7237 

0.5238 

M WOSP  33 

0.7542 

0-5689 

HEIGHT  12 

0.7825 

0 . 6 1 2 3 

MAX  G 26 

0.8139 

0.6625 

CR  SPO  20 

0.8469 

0.7173 

AFL/AC  58 

0.8719 

0.7603 

CR  ALT  21 

0.8919 

0T79Sf 

EXMX  T 28 

0.9302 

0.8652 

LD  DST  24 

0.9479 

0.8985 

LAYERS  10 

0.9626 

0.9266 

1 1 

MPRCPT 

36 

0.9660 

0.9332 

12 

ELEV 

27 

0.9702 

0.9412 

1 3 

GRS  WT 

25 

0.9768 

0 .9542 

14 

MXWOSP 

32 

0.9797 

0.9598 

IS 

AREA 

7 

0.9889 

0.9778 

16 

HM0T04 

34 

0.9950 

0.9900 

17 

M MN  T 

31 

0.9984 

0.9967 

18 

TOO I ST 

22 

0.9995 

0.9991 

19 

panels 

1 1 

0.9999 

0.9996 



EXMN  T 

29 

1 .0000 

1 .0000 

1 

2.404  1 

2.4062 

-0.0021 

2 

0.594  8 

0. 5950 

-0.0002 

3 

1 .541  5 

1 . 5365 

0.0050 

4 

1 .2079 

1.2103 

-0.0024 

5 

1.0581 

1 . 0645 

-0.0064 

6 

4. 497  1 

4. 4974 

-0.0003 

7 

0.71S7 

0. 7133 

0.0034 

8 

0.9202 

0.9265 

-0.0063 

9 

4.7948 

4.7964 

-0.0016 

10 

9.3537 

8. 3574 

-0.0037 

1 1 

1 .761  6 

1 . 7642 

-0.0026 

12 

0.3562 

0. 3560 

0.0003 

13 

1.0731 

1 . 0642 

0.0089 

14 

1 .6026 

1 . 5942 

0.0084 

15 

1 .431  4 

1 . 4269 

0.0045 

16 

1 .3338 

1 . 3266 

0.0071 

17 

0.7182 

0.7240 

-0.0058 

18 

0.8753 

0.8698 

0.0056 

19 

0.3321 

0. 3406 

-0.0085 

20 

0.0168 

0.0208 

-0.0038 

21 

3.6862 

3.6808 

0.0054 

22 

0.3578 

0.3624 

-0.0045 

3i 


TABLE  10.  ESTIMATED  WINDSHIELD  AND  OHIER  COCKPIT  WINDOWS  LSC  EQUATIONS  FOR  ALL  VARIABLES 


TABLE  10.  ESTIMATED  WINDSHIELD  AND  OTHER  COCKPIT  WINDOWS  LSC  EQUATIONS  FOR 
ALL  VARIABLES  (CONT) 


MAINTENANCE  MAN-HOURS 
PER  FLIGHT  HOUR 


(CONSTANT. 

AREA  7 
WEIGHT  8 
THKNES  9 
_IAYERS  _1  Q— 
PANELS  11 
HEIGHT  12 
NO. A/C  17 

MX  SPO  1 8- 

CR  SPO  20 
CR  ALT  21 
TODIST  22 
— STL  SP.23_ 
LO  OST  24 
GRS  WT  25 
MAX  G 26 


^627. 65869 _ 
0.86122 
-1 .55368 
381 .36060 

58.07622_ 

8.72747 

9.62013 

0.95386 

r5 . 97269 _ 

-144.33617 

0.50950 

3.38423 

482.74  146, 

-9.42040 
0.21258 
5. 14018 


EXMN  T 29  -0.91098 

M MX  T 30  20.98965 

M MN'  T 31  -8.96718 

AFL7AC  58 6.53885 

STEP 

NUMBER 

VARIABLE  MULTIPLE 

ENTERED  REMOVEO  R RSQ 

TOO  I ST  22 
MAX  G 26 
AFL/AC.  58_ 
NO. A/C  17 
EXMN  T 29 
LO  OST  24 

REA Z_ 

LAYERS  10 
HEIGHT  12 
GRS  WT  25 
WEIGHT— 8_ 
PANELS  11 
STL  SP  23 
THKNES  9 

M_  MX__T 3Q_ 

CR  SPO  20 
CR  ALT  21 
MX  SPO  18 


0.5226 
0.6133 
-0.6730- 
0.7274 
0.7527 
0.7818 
-0.8221- 
0.8401 
0.8512 
0.8834 
-0 . 8981- 
0.9163 
0.9384 
0.9492 
-0.9685. 
0.9839 
0.9912 
0.9977 


0.2731 
0.3762 
_0 . 4529 
0.5292 
0 . 5665 
0.6112 
.0.6758 
0.7058 
0.7246 
0.7303 
.0 . 6066 
0 . 8397 
0.8807 
0.9009 
.0.9380 
0.9680 
0.9825 
3.9954 


M MN  T 31 


iroamw»aarnnri 


x<40) 

COMPUTED 

RESIDUAL 

2.2602 

2.3274 

-0 . 0672 

0.6224 

0.6865 

-0 . 0641 

6.7140 

6.6394 

0.0746 

. 0997 

1 . 1472 

“0 . 0475 

1.2411 

1 . 2351 

0.0060 

6.0261 

5.9534 

0.0727 

3.4517 

3.4526 

-0.0010 

_3.5205  

3.5559 

-0 .0354 

7.5225 

7.5996 

-0.0771 

13 . 9340 

13.9109 

-0.0719 

1 .3363 

1 . 2966 

0.0397 

_0.33S6 

0.3145 

0.0212 

1 .0078 

1 . 0203 

-0.0124 

1 .4725 

1 .5278 

-0.0553 

1 , 1624 

1 . 1572 

0.0251 

.26.0520 

26.0393  

0.0527 

2.2030 

2.2073 

-0.0043 

0.9704 

0.9653 

0.0051 

0.3218 

0.4102 

-0.0884 

_D .2653 

0.1456 

0.1196 

4.764} 

4.7405 

0.0438 

0.7467 

0.6792 

0.0866 

TABLE  10.  ESTIMATED  WINDSHIELD  .AND  OTHER  COCKPIT  WINDOWS  LSC  EQUATIONS  FOR 
ALL  VARIABLES  (CONCL) 


equation 


MAINTENANCE  MAN-HOURS 
PER  AIRCRAFT 


1 variabl: 

CQEFFICIFNT 

1 (CONSTANT 

197  »757#* 

AREA 

7 

0.06776 

WEIGHT 

8 

-0.04251 

thknes 

9 

34. 16536 

^LAYERS 

to 

A 19117 

HEIGHT 

12 

-0.93369 

MX  ALT 

19 

-0.02534 

CR  SPO 

20 

-2.29547 

■_CR  .ALT 

21 

STL  S? 

2 J 

17.3801 1 

LO  OST 

24 

-0.44890 

GAS  WT 

25 

0.02676 

MAX  G 

26 

-n  14957 

EXMX  T 

20 

-2.83626 

M MX  T 

30 

4 . 28887 

M MN  T 

31 

-3.97900 

MXtaOSP 

*10 

0,0*  990 

HM0T04 

34 

-0. 12035 

mprcpt 

36 

0.09226 

AFH/AC 

57 

-0.80729 

-AfL/BC 

.la 

0-4021  S_ 

STEP 


VARIABLE 


MULTIPLE 


number 

ENTERED  REMOVEO 

R 

RSQ 

1 

WEIGHT  8 

0.7366 

0.5426 

2 

MAX  G 26 

0.7648 

0.5850 

3 

CR  SPO  20 

0 . 7979 

0 . 6366 

4 

LAYERS  10 

0.8165 

0.6667 

3 

EXMX  T 28 

0.8501 

0.7228 

6 

HEIGHT  12 

0.8771 

0.7693 

7 

LD  DST  24 

0 . 8939 

0.7991 

8 

GRS  WT  25 

0.907 5 

0.8235 

9 

CR  ALT  21 

0.9319 

0.8604 

10 

M MN  T 31 

0.9424 

0.8802 

1 1 

AREA  7 

0 . 9472 

0 . 8972 

12 

STL  SP  23 

0.9576 

0.9171 

13 

THKNES  9 

0.9595 

0.9207 

14 

M MX  T 30 

0.9839 

0.9680 

1 5 

MX  ALT  19 

0.9862 

0 . 9726 

IS 

AFH/AC  57 

0.9890 

0.9781 

17 

AFL/AC  58 

0.9968 

0.9935 

18 

MPRCPT  36 

0.9985 

0.9969 

ta 

HM0T04  34 

1 . 0000 

1 . 0000 

30 

MXWOSP  32 

.1 .0000 

1.0000 

i I5T  cif  -gFsimiAi  5 

r 

CASE 

Y 

Y 

NUMBER 

X(48> 

COMPUTED 

residual 

1 

2.4041 

2.3862 

0.0159 

2 

0.5948 

0.5967 

-0.0019 

3 

6.4680 

6.4723 

-0.00 42 

4 

L.  2079 

1 - 70 1H 

0.0041 

5 

1.0581 

1.0679 

-0.0098 

a 

6.7145 

6.7122 

0.0023 

7 

3.1556 

3. 1490 

0.0065 

ff 

2 . R5i  a 

2. 0401 

0.0015 

9 

11 .6030 

1 1 . 5R40 

0.0190 

to 

13.5492 

13.5698 

-0.0207 

1 1 

1.7616 

1 . 7904 

-0.0288 

1 2 

0 . 1562 

0. 1607 

0.0066 

13 

1.0731 

1.0539 

0.0192 

14 

1 .6026 

1.5899 

0.0127 

15 

1.4314 

1 . 4392 

-0.0079 

16 

1 .4124 

1 - 411Q 

-0.0015 

17 

1 .0909 

1 .1031 

-0.0121 

18 

0.9894 

0.9735 

0.0160 

19 

0.3321 

0.3174 

0.0147 

20 

a oififl 

0.0463 

-0.02B4 

21 

5.6879 

5.6884 

-0.0004 

23 

0.3579 

0.3680 

-0.0101 

40 


SECTION  IV 
CORRECTIVE  PROGRAMS 

DESIGN  IMPROVEMENTS 

As  a result  of  the  effort  of  the  tasks  defined  in  Volumes  I and  II,  five 
design  improvments  were  selected  as  candidates  for  reducing  logistical  cost. 
Initial  examination  of  failure  and  cost  data  indicated  that  a large  number  of 
transparency  systems  for  the  20  study  aircraft  were  likely  candidates.  In 
view  of  the  effort  required  to  research,  analyze,  and  assemble  these  data,  the 
scope  of  the  program  permitted  the  development  of  only  five  design  improvement 
studies.  During  the  field  audit  phase  of  this  program  it  was  ascertained  that 
several  aircraft  such  as  the  F-1S  and  F-lll  were  involved  in  ongoing  transpar- 
ency modification  programs.  These  aircraft  were  consequently  eliminated  as 
candidates  for  the  study.  The  corrective  programs  reviewed  resulted  in  the 
following  design  improvement  trade  studies. 

Design  Improvement  Trade  1,  T-39A  IVindsheild  .Anti-icing  Controller 
Redesign 

Design  Improvement  Trade  3,  KC-135A  Boom  Sighting  Door  and  Window 
Redesign 

Design  Improvement  Trade  4,  B-52G/H  Windshield  and  Window  Redesign 

Design  Improvement  Trade  5,  C-141A  Windshield  Redesign 

Design  Improvement  Trade  6,  T-38A  Canopy  Locking  Mechanism  Redesign 

The  ground  rules  imposed  in  the  selection  of  these  candidate  improve- 
ments were  to  review  the  study  aircraft  to  identify  those  aircraft  having 
high  annual  expenditure  in  maintenance  of  transparency  systems.  The 
procedures  used  to  determine  the  cost  effectiveness  of  the  proposed 
revisions  are  described  in  section  II,  Volume  III,  of  this  report. 

Other  factors  considered  in  the  selection  of  these  candidate  improvements 
were  to  ensure  that  the  proposed  improvements  would  result  in  the  minimum 
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modification  to  the  existing  configuration.  With  the  complexity  of  the  equip- 
ment contained  in  the  interior  of  the  modem  aircraft,  a very  important 
factor  was  to  avoid  the  domino  effect  of  causing  other  related  changes.  This 
effect  could  possibly  negate  the  cost  reduction  exercised  in  the  selection  of 
design  improvements. 

Another  important  consideration  in  keeping  the  extent  of  change  to  a 
minimum  was  to  prevent  extensive  and  costly  requalification  testing.  By 
limiting  the  amount  of  modification,  requalification  by  analysis  is  considered 
to  be  acceptable.  Analysis  on  this  basis  of  similarity  can  greatly  reduce  the 
amount  of  retesting  that  may  be  required. 

Care  was  given  to  avoid  change  to  external  configuration  that  might 
result  in  reduced  performance.  In  addition,  the  selection  of  the  candidate 
improvements  also  considered  the  relative  importance  the  aircraft  has  in  the 
total  posture  of  the  Air  Force  inventory. 

The  final  consideration  in  limiting  the  extent  of  the  proposed  changes 
was  to  make  a field  modification  feasible  and  cost  effective.  It  is  believed 
that  the  proposed  corrective  programs  contained  in  this  section  are  cost 
effective  and  will  result  in  reduced  maintenance  and  other  logistical  support 
cost. 


FAILURE  ANALYSIS 


A failure  analysis  was  made  for  each  of  the  20  selected  transparency 
systems.  The  process  utilized  was  through  the  extraction  of  maintenance  data 
from  the  AFM  66-1  data  tapes,  using  the  Maintenance  Analysis  Model  (MAM's) 
program  as  described  in  Section  II,  Volume  III,  of  this  report.  The  failure 
mode  descriptors  in  coiribination  with  the  flight  hours,  logistical  cost  is 
shown  in  a sample  printout  as  listed  in  figure  5. 

From  the  MAM's  tabulation  an  assessment  as  to  how  the  component  or  part 
failed  was  condensed  in  the  form  of  a failure  fault  tree,  and  failure  analysis 
summarizing  the  more  significant  How  Mai,  action  taken,  and  probable  cause. 
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Since  each  MAM's  printout  may  contain  from  20  to  2 00  pages  for  each  transpar- 
ency system,  it  was  deemed  advisable  to  include  the  failure  analysis  for  only 
the  selected  candidate  improvement  studies  in  this  report.  These  failure 
analyses  are  found  in  the  following  trade  studies  section  and  in  Appendix  A 
to  this  volume. 

The  master  transparency  system  list  as  contained  in  Appendix  A of  Volume 
II  includes  the  first  five  ranks  by  L SC,  the  major  How-Mal  codes,  and  the 
corresponding  percent  of  maintenance  man-hours. 

In  the  cases  where  the  level  of  description  was  inadequate  the  failure 
assessment  was  supplemented  with  the  information  collected  during  the  field 
audit  or  by  a followup  call  to  the  contacts  made  during  the  field  audits. 


COST  ANALYSIS 


The  cost  analyses  performed  in  support  of  the  trade  studies  shown  in  this 
section  are  based  on  a 10-year  life  cycle  cost  projection.  The  basis  for 
establishing  the  annual  costs  (see  table  1,  Volume  I)  was  the  current  AFM  66-1 
data  tapes  whose  timespan  started  in  January  1976  and  concluded  in  June  1977, 
a period  of  18  months.  In  order  to  establish  a uniform  basis  for  evaluation, 
the  aircraft  dollars-per-month  cost  of  the  K051  current  and  previous  three 
quarters  were  combined,  while  the  18-inonth,  AFM  66-1,  flight  hours  and/or 
maintenance  hours  data  were  ratioed  to  provide  an  annual  rate. 

Having  established  a consistent  annual  reference  baseline,  it  was  then 
necessary  to  escalate  these  costs  to  the  current  year  1978  and  to  1988  for  the 
10-year  life  cycle  cost  for  effecting  the  desired  trades.  The  escalation 
factors  used  for  this  purpose  were  obtained  from  the  USAF  "Cost  and  Planning 
Factors,"  ART  173-110,  Volume  I,  6 February  1975,  amended  May  1977.  The 
escalation  factors  for  these  timespans  are: 


Escalation  Factors 


Mid- 1976  to  1978  is  1.1587 

1978  to  198S(1)  is  1.2250 

During  the  processing  of  the  K051  logistical  cost  data  it  became  apparent 
that  various  entries  in  some  of  the  data,  as  extracted  from  microfiche,  were 
either  omitted  or  included  in  the  average  monthly  cost  totals  for  each  quar- 
terly entry.  The  sample  K051  logistical  support,  figures  6 and  7 of  Volume  I, 
indicates  this  possibility.  Attempts  to  reconcile  these  discrepancies  through 
contact  with  the  data  collection  agency  and/or  by  correlation  of  field  audit 
data  met  with  limited  success.  It  was  concluded  that,  in  many  cases,  the 
distribution  of  field  maintenance,  special  repair,  packaging,  and  condemnation 
costs  were  not  reported  but  included  in  the  total  average  monthly  costs. 
Although  some  of  these  values  are  suspect,  they  were  left  unchanged  to  maintain 
consistency  for  basis  of  comparison  of  the  total  logistical  support  cost 
reported  for  each  aircraft. 

In  the  evaluation  and  assembly  of  the  trade  studies  presented  in  this 
volume,  adjustments  were  made  to  seme  of  the  annual  LSC  totals.  This  was  done 
to  ensure  the  validity  of  the  trade  study,  where  known  special  repair  activity 
or  a more  accurate  accounting  of  maintenance  actions  were  identified.  The 
variations  and  changes  are  shown  in  the  detailed  cost  analysis  contained  in 
this  section.  Other  factors  unique  to  the  trade  study  are  also  included  in 
the  detail  cost  analysis. 


TRADE  STUDIES 

The  result  of  the  trade  studies  presented  in  this  section  were  based  on 
analysis  considering  a 10-year  life  cycle  cost.  The  studies  conducted  indicate 
that  appreciable  savings  in  maintenance  and  logistical  costs  for  the  proposed 
design  changes  are  possible.  The  principal  factors  traded  are  the  projected 
cost  of  maintaining  the  present  concept  against  the  redevelopment,  replacement, 


and  maintenance  costs  for  the  redesigned  concept.  The  evaluation  of  these 
. .ades  follows. 


DESIGN  IMPROVEMENT  TRADE  STUDY  1,  T-39A  WINDSHIELD  ANTI -ICING  CONTROLLER 
REDESIGN 

Problem 


A study  of  the  K051  IROS  and  APM  66-1  maintainability  data  as  contained 
in  the  MAM's  Program  and  included  in  Appendix  A indicates  that  the  SCV-896 
(figure  8)  windshield  controller  is  the  number  one  cost  contributor  in  the  T- 
39A  transparency  system.  Due  to  the  complexity  of  the  controller,  the  unit 
often  fails  to  operate  properly.  This  unit  is  a germanium,  semiconductor- type 
controller  providing  a time  delay  device  to  prevent  thermal  shock  of  the 
windshield  during  cold  ambient  startup  of  the  anti- icing  system.  The  principal 
causes  for  these  failures  are  depicted  in  T-39  transparency  system  fault  tree 
(figure  9).  Many  of  these  units  are  frequently  removed  and  replaced,  and  many 
are  sent  to  a contract  depot  for  repair.  It  has  also  been  determined  that  a 
substantial  number  of  man-hours  are  expended  in  cannibalizing  other  aircraft 
as  a source  of  usable  controllers. 

A study  of  the  field  service  bulletins  for  the  early  model  coircnercial 
Sabreliners  using  the  SCV-896  controller  indicates  that  approximately  12 
percent  of  the  failures  associated  with  cracking  and  delaminations  of  the 
windshield  can  be  attributed  to  the  failed  controller.  A summary  of  the 
combined  failure  modes  of  both  the  controller  and  windshield  panel  is  shown  in 
figure  10. 

Proposed  Revision 

To  substantially  reduce  this  high- cost  maintenance  problem,  it  is  recom- 
mended that  a new  heat  controller,  CSV- 2708,  be  substituted  for  the  SCV-896- 41 
model.  The  model  CSV- 2708,  using  current  solid-state  technology,  has  been 


developed  for  use  in  the  Sabreliner  aircraft.  The  proposed  replacement  con- 
troller, model  G./-2708-11,  is  directly  interchangeable  with  the  current 
modified  model  SCV-896-41.  The  interchange  of  this  controller  will  also 
result  in  a significant  reduction  in  windshield  replacement  caused  by  con- 
troller failures. 


Cost  Analysis 

The  cost  analysis  for  the  proposed  change  is  summarized  in  table  11.  It 
presents  the  10-year  life  cycle  cost  projection  for  the  present  concept  as 
compared  to  the  cost  of  redesign,  requalification  and  retrofit,  and  reduced 
maintenance.  Table  12  is  the  detailed  cost  analysis  statement  of  the  step-by- 
step  assembly  of  logic,  and  costing  factor  used  to  develop  the  cost  trade. 

An  annual  saving  of  $92,200  for  the  controller  substitution,  with  an 
accompanying  annual  fallout  saving  of  $21,900  for  windshield  panels,  can  be 
realized  as  a result  of  this  proposed  change. 
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TABLE  12.  COST  ANALYSIS 

T-39A  WINDSHIELD  TEMPERATURE  CONTROLLER 
COST  STUDY 

CURRENT  UNIT  (SCV-896-4)  COST 


PRESENT  CONCEPT 


FIELD  MAINTENANCE  FOR  SPECIAL  REPAIR 
WUC  41535 

Action  taken  code  1 (bench  check  NRTS) 

Field  maintenance  rate,  controller  (56,568  * 2,593) 
Total  field  maintenance  for  special  repair 
Annual  factor 

Annual  special  repair  field  maintenance 
Escalation  factor  1976-1983 
Total  annual  special  repair  field  maintenance 
TOTAL  10-YEAR  LCC  SPECIAL  REPAIR  FIELD  MAINTENANCE 

FIELD  MAINTENANCE  FOR  OTHER  THAN  SPECIAL  REPAIR 
WUC  annual  cost 
Less  special  repair  labor 
Total  field  maintenance 
Escalation  factor  1978-1985 
Annual  field  maintenance  cost 
TOTAL  10 -YEAR  LCC  F/M  FOR  OTHER  THAN  SPECIAL  REPAIR 

TOTAL  10-YEAR  LCC  CONTROLLER  FIELD  MAINT.  COST 


323.3  hours 
21.82  hours 
7,054 

0.6667 

4,703/year 

1.419 

6,674/year 


56,568 

4,703 

51,865 

1.225 

"63,  '535 

$635,355 


WINDSHIELD  FIELD  MAINTENANCE 
Escalation  factor  1978-1983 
Total  annual  windshield  field  maintenance 
TOTAL  10 -YEAR  LCC  WINDSHIELD  FIELD  MAINTENANCE 


60,501 

1.419 


SPECIAL  REPAIR 

Average  annual  special  repairs  1976,  1977 
Average  unit  cost 

Special  repair  off- site  costs  per  year 
Escalation  factor 

TOTAL  10 -YEAR  LCC  SPECIAL  REPAIR  COST 


140  units 
567/unit 
79,380 

1.419 


WINDSHIELD  SPARES 

Escalation  factor  1976-1983 
Total  annual  windshield  spares 
TOTAL  10 -YEAR  LCC  WINDSHIELD  SPARES 


18,914 

1.225 

23,120 


TOTAL  PROJECTED  PRESENT  CONCEPT  10-YEAR  LCC  COST 


$2,918,202 


TABLE  12.  COST  ANALYSIS  (Continued) 
T-39A  WINDSHIELD  TEMPERATURE  CONTROLLER 


REDESIGNED  CONCEPT 


NONRECURRING 

Total  development  and  qualification  costs  (RI  proposal 
to  AF) 

Total  technical  order  manual  revisions  ($35/hr  x 214.3  hr) 
TOTAL  NONRECURRING  COST  $_ 

REPLACEMENT  WITH  CSV2708-1  SOLID  STATE 
Replacement  cost 

19 75  unit  price  (250  units  production)  $ 

Escalation  factor  1975-1978 
1978  cost 

250-unit  production 
Total  Production  (Recurring)  Cost 

TOTAL  RECURRING  COST  $_ 

FIELD  MAINTENANCE  COST 

Controller  annual  cost  (less  special  repair)  $ 

On-aircraft  2,065  hr  = 80%  of  total 

Off-aircraft  maintenance  529  hr  = 20%  of  total 

Cannibalization  437  * 2,064  21.2%  of  80%  = 17% 

Total  percentage  of  WUC  deleted  with  new  units  = 17% 
Estimated  reduction  in  field  maintenance 
for  solid-state  devices  (100%  increase  in  MTBF)  50% 
Projected  cost  reduction  in  maintenance  labor 

50%  $51,865  $ 

Total  reduction  in  field  maintenance  costs  $ 

Remaining  field  maintenance  costs  (0.23  x $51,865)  $ 

Escalation  factor  1976-1983 

Projected  annual  cost  for  controller  field  maint  V 

10-year  ICC  timespan  

Total  10-year  LCC  controller  field  maintenance  cost 

Windshield  field  maintenance 
Present  concept  field  maintenance  $ 

Annual  costs  attributed  to  controller  overtemp  $ 

Total  projected  10-year  LCC  F/M  ($85,851  - 10,304)  x 10  = 


$125,420 
$ 7,500 
132,920 


1,705.04 

1.245 


530,694 


51,865 


2S,933 

34,750 

17,116 

1.419 


85,851 

10,304 


TOTAL  10-YEAR  LCC  FIELD  MAINTENANCE  COST 


$ 998,359 
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TABLE  12.  COST  ANALYSIS  (Continued) 
T-39A  WINDSHIELD  TEMPERATURE  CONTROLLER 


REDESIGNED  CONCEPT 

SPARES 

Windshield  spares 

Present  concept  spare  cost 

$ 

23,120 

Annual  windshield  replacement  reduction 

Total  projected  10-year  LCC  spares  ($23, 120- $11, 584)  x 10 

$_ 

11,584 

— 

$115,360 

TOTAL  10-YEAR  LCC  WINDSHIELD  SPARES 

$ 

115,360 

TOTAL  REDESIGNED  CONCEPT  COST 

$ i, 

,777,333 

TOTAL  PRESENT  CONCEPT  COST 

$ 2, 

,918,202 

TOTAL  10-YEAR  LCC  SAVING 

$ 1, 

,140,869 

TOTAL  ANNUAL  LCC  SAVING 

$ 

114,087 

f 





TABLE  12.  COST  ANALYSIS  (Continued) 

ESTIMATED  T-39A  WINDSHIELD  MAINTENANCE 
COST  ATTRIBUTED  TO  THE  TEMPERATURE 
CONTROLLER  FAI LURE/MALFUNCTI ON 

FIELD  MAINTENANCE  (TOTAL  WUC'S  11111  AND  11110) 

Total  annual  maintenance  cost  for: 

WUC  11111  windshield  glass  panel 
WUC  11110  windshield  assembly 
Total  current  field  maintenance  cost 


ESTIMATED  WINDSHIELD  FIELD  MAINTENANCE  ATTRIBUTED 

T F CONTROLLER  -MALFUNCTION — - - 

WUC  11111  - W/S  glass  panel  33,060  x 0.12  = 
WUC  11110  - W/S  assembly  27,441  x 0.12  = 

Total  windshiled  and  panel  maintenance 
Escalation  factor  for  1976-1978 
Escalated  labor  to  1978 


Escalation  for  1978-1983 

Total  annual  Field  Maintenance  cost  attributed  to 
controller  overtemperature 


$ 

33,060 

$ 

27,441 

v~ 

60,501 

$ 

3,967 

$ 

3,293 

J~ 

7,Z60 

1.1587 

8,412 

$ 

8,412 

1.225 

$ 

10,304 
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TABLE  12.  COST  ANALYSIS  (Concluded) 


T-39A  WINDSHIELD  SPARES 


ESTIMATED  33%  REMOVE  AND  REPLACE  FOR  DE1AMI NATIONS 


Units 


11111  W/S  panel  12 

Total 

Controller  malfunction  percentage 
Controller  malfunction  units 

ESTIMATED  50%  REMOVE  AND  REPLACE  FOR  CRACKING 


14  units 
0.33 
5 


Units 


11110  W/S  assembly 

11111  W/S  panel 

Total 

Controller  malfunction  percentage 
Controller  malfunction  units 


4 units 

0.5 

2 


Total  panels  removed  and  replaced  due  to  controller  malfunction 
Windshield  panel  unit  cost  $ 1,351 

Total  annual  replacement  cost  due  to  controller  malfunction  $ 9,457 


Escalation  1978-1983 

Annual  windshield  replacement  reduction 


1.225 


$ 11,584 


DESIGN  IMPROVEMENT  TRADE  STUDY  2,  KC-135A  BOOM  SIGHTING  DOOR  AND  WINDOW 
REDESIGN 


Problem 


TTie  boom  door  and  sighting  window  is  located  on  the  lower  centerline, 
of  the  aircraft,  just  to  the  rear  of  the  refueling  boom  operator's  station 
(figure  11).  A window  is  completely  removed  from  the  aircraft,  on  a daily 
basis,  to  accomplish  the  necessary  servicing.  After  removal,  the  window 
panel,  as  well  as  four  separate  fastener  retainer  strips,  are  layed  on  the 
ground.  These  parts  are  frequently  inadvertently  damaged  by  being  blown  away 
by  the  wind, stepped  on,  and  run  over  by  wheeled  vehicles.  The  Airloc  panel 
fasteners  used  to  retain  the  window  require  frequent  replacement  of  the  studs 
and  receptacles,  due  to  wear  and  tear  of  the  daily  removal.  A single,  line 
crewmember  can  remove  the  window,  although  with  some  difficulty.  However, 
when  reinstalling  the  window,  assistance  of  a second  person  is  required,  until 
the  first  few  fasteners  are  secured.  The  failure  fault  tree  and  failure 
analysis  summary  for  this  door  and  window  are  shown  in  figures  12  and  13. 


Proposed  Revision 

Incorporate  a hinged  window  in  lieu  of  a removable  window  and  retain  the 
panel  fasteners  to  reduce  maintenance  costs. 


Description  of  Change 

In  order  to  reduce  the  potential  of  damage  of  the  window  assembly,  as 
well  as  reducing  the  man-hours  required  to  gain  access  to  the  compartment,  it 
is  proposed  to  change  the  window  installation  to  incorporate  a hinge  on  the 
right-hand  side,  opposite  the  accumulator.  Use  a strut  to  hold  the  window 
in  open  position.  The  strut  can  be  anchored  to,  as  well  as  stowed  on,  the 
hydraulic  actuator  support  beam  that  is  centered  on  the  door. 
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It  is  also  recommended  that  the  fastener  retainer  strips  be  combined 
into  a "ring  frame"  and  secured  to  the  window  assembly. 

Investigation  of  quick-release  panel  fasteners  reveals  that  although 
there  are  several  fasteners  that  could  replace  the  Airlocs  presently  used, 
there  is  no  apparent  advantage  to  be  gained  by  making  a change.  See 
figure  11  for  the  proposed  door  configuration. 


Cost  Analysis 

Tables  13  and  14  present  a summary  and  a detailed  breakdown  of  the  costs 
involved  in  the  modifying  of  the  aircraft  to  incorporate  this  feature.  The 
cost  shown  reflects  maintenance  requirements  as  established  from  the  MAM's 
failure  analysis  and  cost  of  material,  labor  rates,  etc.,  as  used  in  the 
Rockwell  pricing  process. 


Fault  Tree  KC-13SA  Boom  Sighting  Window 


WUC  114A  boom  sighting  window 

BOOM  SIGHTING  DOOR  WINDOW 


TABLE  13.  DESIGN  IMPROVEMENT  TRADE  STUDY  2 - KC-135A  BOOM  DOOR  AND  SIGHTING  WINDOW  REDESIGN 


TABLE  14.  COST  .ANALYSIS 
KC-13SA  BOCM  DOOR  .AND  SIGHTING  WINDOW 


PRESENT  CONCEPT 

FIELD  MAINTENANCE  COST  DETERMINATION 

Annual  field  maintenance  window  remove  and  replace 
Field  maintenance  labor  rate 
Remove  and  replacement  labor  cost 


Loose,  missing,  and  damaged  bolts  and  nuts 
(HMC  105,  106) 

Annual  factor 

Annual  field  maintenance  hours  (HC  105,  106) 

Field  maintenance  labor  rate 

Total  field  maintenance  cost  (HMC  105,  106) 


Total  field  maintenance  hours  January  1976- June  1977 
Annual  factor 
Annual  hours 

Annual  field  maintenance  cost 

Average  rate  1976  ($86,480  * 8,077  hours) 


1,843  hr  (1) 
10.71 

$ 19,735/year 


2,148  hours 
0.6667 
1,432  hours 
10.71 

$ 15,340 


12,115  hours 
0.6667 
8,07?  hours 
$ 86,490 

$ 10.71/hr 


Current  field  maintenance  cost  boom  sighting  door  window 

WUC  1114A 

Annual  cost  1976 

Escalation  factor  1976-1983 

Annual  cost  field  maintenance 

Expected  fleet  life 

Total  10 -year  LCC  field  maintenance  cost 
SPARES 


$ 53,624  (1) 

1.419 

$ 76,092 

10  vears 
$75Ti797l 


Condemnation  (spares)  escalated  to  1983 

154  x $671  x 1.225  x 10  x 0.62  * $ 719,150  (2) 

Total  10-year  LCC  boom  door  window  $719,150 

TOTAL  KC-13SA  10-YEAR  LCC  PRESENT  CONCEPT  COST  $1,480,074 

(1)  Total  WUC  1114A  includes  the  F/M  hours  and  dollars  for  both  the  boom 
sighting  window  and  boom  door  and  sighting  window.  These  estimates  are 
corrected  for  the  boom  sighting  window. 

(2)  Cost  includes  edge  members,  seals,  fasteners,  etc. 
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TABLE  14.  COST  ANALYSIS  (Continued) 
KC-13SA  BOOM  DOOR  AND  SIGHTING  WINDOW 


REDESIGNED  CONCEPT 


NONRECURRING  COST 

Total  engineering  and  tooling  costs  (677  hr  x $40/hr) 
TCTO  revision 

Labor  (377  hr  x $35/hr) 

Material 

Total  TCTO  revision 
TOTAL  NONRECURRING  COST 


COST  CALCULATIONS  - BOOM  SIOITING  WINDOW  MODIFICATION  KIT 


Kit  fabrication 
Purchased  parts 

Hinge  18  inches  at  $22.00 
Rivets  50  at  $00.02 
Strut  at  $ 5.00 


0.2  hr 
1.0  hr 
0.5  hr 
$50/hour 


Labor 

Cut  hinge  to  length 
Accumulate  parts  0.52  piece 
Inspect  kit 
Labor  rate  at 
Kit  labor  $ 

Total  kit  cost 
Total  aircraft 

Total  mod  kits  for  568  aircraft  ($80  x 568  A/C) 
Kit  installation 

Remove  window  1.0  hr 

Set  up  and  drill  hinge  and  window  edge 


25  holes  at  0.25  hr /hole 
Modify  RH  window  frame 
Drill  and  install/ 2 5 rivets  in 
window  frame 
Secure  window  (15  Airloc 
fasteners) 


6.25  hr 
2 hr 


6.25  hr 


0.1  hr 


Total  kit  installation  labor 
Field  maintenance  labor  rate 


14. 6 hr 
$ 14/hour 


Total  kits 

Total  fleet  installation  cost 


77 


TOTAL  RECURRING  COSTS 
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TABLE  14.  COST  ANALYSIS  (Continued) 
KC-135A  BOOM  DOOR  AND  SIGHTING  WINDOW 


REDESIGNED  CONCEPT  (Continued) 


FIELD  MAINTENANCE  COST  (Boom  Door  Window) 

Total  maintenance  hours 

Field  maintenance  rate 

Field  maintenance  cost  1976-1977 

Escalation  factor  1976-1983 

Projected  maintenance  cost 

TOTAL  10 -YEAR  LCC  MAINTENANCE  COST 

$ 

r~ 

1,733  (1) 
10.71/hr 

~IS7535 

1.419 

T~ 

26,334 

$263,338 

SPARES 

Number  of  units 

Unit  cost 

Total  spares  cost 

Escalation  factor  1978-1983 

Total  spares  cost  1978-1988 

TOTAL  10 -YEAR  LCC  SPARES  COST 

$ 

r~ 

76  units 
671/unit 

“ 517178 

1.225 

62,684 

$626,838 

TOTAL  REDESIGNED  CONCEPT  COST 

$1,051,716 

TOTAL  PRESENT  CONCEPT  COST 

$1,480,074 

TOTAL  10-YEAR  LCC  SAVING 

$428,358 

TOTAL  ANNUAL  SAVING 

$42,836 

(1)  Includes  WUC  1114A  correction. 

TABLE  14.  COST  ANALYSIS  (Concluded) 
Kl  135A  BOCM  DOOR  AND  SIGHTING  WINDOW 


SPARES  DETERMINATION 
Current  field  maintenance  cost 


$86,490(1) 


WUC  1114A 

Total  Hr 

R Code 

Hours 

HMC  190 

Cracked 

1,253.45 

33 

346.99 

846 

Delam 

703.22 

45 

520.6 

910 

Chipped 

478.98 

33 

410.84 

935 

Scratched 

404.71 

34 

319.07 

117 

Deteriorate 

392.74 

31 

104.15 

70 

Broken 

388.25 

16 

20.5 

730 

Loose 

69.94 

2 

10.0 

900 

Burned 

59.01 

12 

59.01 

605 

Crazed 

26.97 

3 

18.3 

374 

Failed 

24 

3 

24 

942 

Misc 

16 

1 

16 

10 

3.67 

2 

3.67 

*Totals 


“2T5 


8.69  hours/R  code 


No  Defects 

Action  Taken 

Units 

Hours 

HMC  799 

T Remove  for  cannibal- 
ization 

13 

19.19 

1.48 

R Remove  and  replace 

7 

9.6 

1.4 

* 

Q Repl  for  cannibalization  16 

30 

1.88 

H Equipment  check 

1,816 

1,751.75 

0.96 

P Removed 

1 

0.5 

0.5 

Q Installed 

Other  Maintenance 

90 

179*3— 

384.18 

T,  195. 22 

4.26 

TIT 

HMC  800 

S Remove  and  reinstall 

116 

158.44 

1.36 

P Removed 

136 

116.15 

0.85 

Q Install 

102 

100.85 

0.99 

R Remove  and  replace 

14 

34.04 

2.43 

Totals 

“355— 

~ 409.45 

171? 

Total  remove 

and  replace  units 

2,526 

4,459.83  x 

0.6667  = 

Total  spares 

(18  months) 

231 

2,706 

Annual  factor 

0.6667 

hours 


Annual  spares  154 

(1)  WUC  1114A  includes  the  field  maintenance  cost  for  both  the  boom  sighting 
window  and  the  boom  door  and  sighting  window.  WUC  1114A  BDSW  = $86,490  - 
$32,866  * $53,624  (WUC  1114A  distribution  is  38  percent  for  boom  sighting 
window,  and  62  percent  for  boom  door  and  sighting  window) . 
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DESIGN  IMPROVEMENT  TRADE  STUDY  3,  B-52G/H  WINDSHIELD  AND  WINDOW  REDESIGN 
Problem 


A survey  of  the  B-52  reliability  and  maintainability  data  reveals  that 
the  windshield  and  windows  shown  in  figure  14  account  for  68  percent  of  the 
total  cost  of  maintaining  the  B-52  transparency  system.  Of  these  failures,  an 
estimated  30  percent  are  associated  with  de laminations , cracking,  chipping, 
and  deterioration  of  the  panel  assemblies.  The  six  candidates  include  wind- 
shield panels  numbers  one  through  seven.  The  failures  for  these  panels  are 
depicted  in  figures  15  and  16  and  summarized  in  figure  17.  Discussions  with 
ALC  personnel  state  that  a contributing  factor  to  these  types  of  failures  are 
the  windshield  anti- icing  controllers. 


Proposed  Revision 

It  is  recomnended  that  the  following  changes  be  incorporated  in  the 
B-52G/H  transparency  system  for  the  purpose  of  reducing  maintenance  and  logis- 
tical support  costs. 

1.  Incorporate  an  improved  flexible  layer,  a zee  strip  edge  frame,  and 
revise  the  edge  sealing  of  the  following  windshield  assemblies: 

a.  11DC6,  No.  1 center  windshield  panel 

b.  11DCR,  No.  2 LH  and  RH  - main  panels 

c.  11DCT,  No.  3 LH  and  RH  - sliding  clear  vision  panels 

d.  11DC7,  No.  4 LH  and  RH  - side  panels 

e.  11DC8,  No.  5 LH  and  RH  - aft  side  panels 

2.  Improve  fastener  attachment. 

3.  Incorporate  improved  controllers. 

4.  Revise  instrument  glare  shield  for  access  to  fasteners. 
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Description  of  Change 

Windshield  panels  1,  2,  3,  4,  and  5 are  of  similar  construction  (figure 
18).  Hie  exterior  and  interior  tempered  glass  laminates  are  bonded  to  a 
polyvinyl  butyral  interlayer.  There  is  a metallic  edge  insert  in  the  PVB 
interlayer.  The  PVB  interlayer  extends  to  the  outer  surface  and  serves  as  a 
bumper  between  the  outer  glass  laminate  and  the  windshield  supporting  struc- 
ture. In  addition,  various  parting  agents  and  phenolic  edge  fillers  are  used. 

See  figure  18. 

When  the  windshield  panels  are  installed,  precured  polysulfide  strips  are 
used  for  pressure  seals.  The  strips  are  prepared  by  the  maintenance  personnel. 

Installation  of  the  numbers  1 and  2 panels  have  used  molded  rubber  gaskets  on 
some  aircraft.  Polysulfide  sealant  is  used  to  fill  the  gap  between  the  outer 
surface  of  the  panel  and  the  supporting  structure. 

In  order  to  reduce  delamination  and  cracking  that  result  from  temperature 
variation,  it  is  recommended  that  a 0.03  laminate  of  PPG  112,  or  equivalent, 
interlayer  be  used  adjacent  to  each  glass  surface  (figure  19)  in  place  of  a 
like  amount  of  polyvinyl  butyral.  To  provide  an  improved  moisture  barrier  for 
the  panel  edge,  use  a heat  vulcanized  silicone  seal  along  the  edge  of  the 
outer  glass  laiminate  and  cover  the  edge  with  an  overlapping  metal  "zee  frame", 
and  a polysulfide  faying  surface  seal.  Extend  the  polysulfide  to  seal  all 
exposed  edges  of  the  panel  assembly  laminates.  Extend  the  usage  of  molded 
silicone  pressure  seal  gasket,  to  each  of  the  windshield  panel  installations , 

j 

and  eliminate  the  precured  polysulfide  strips.  Allow  the  environmental  seal 
to  not  only  fill  the  edge  gap,  but  to  overlap  the  adjacent  structural  members. 

Use  bolt  spacers  to  minimize  stresses  induced  by  overtorquing  the  installation 
bolts. 

Another  high-cost  item,  associated  with  the  B-52  transparency  system,  is 
the  windshield  anti-ice  temperature  controller,  work  unit  code  41  HAB.  This  r 

single  item  accounts  for  10.38  percent  of  the  total  transparency  system  logis- 
tic support  cost.  Two  "How  Mai?"  codes,  "internal  failure",  and  "failed  to 
operate"  required  approximately  38  percent  of  the  cost  of  this  item  and 
resulted  in  56  units  removed  and  replaced  in  a 12-month  period. 
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It  is  recomnended  that  an  updated  solid-state  temperature  controller  be 
incorporated  into  the  windshield  anti- ice  system.  It  is  estimated  that  usage 
of  a more  reliable  temperature  controller  will  not  only  substantially  reduce 
the  maintenance  cost  of  the  anti- ice  system,  but  will,  in  addition,  bring 
about  a reduction  in  replacement  of  heated  windshield  panels. 

Another  high  cost  in  maintenance  hours  that  is  attributed  to  this  type 
windshield  installation  is  gaining  access  to  the  lower  panel  attachment. 
Examination  of  aircraft  of  this  type  indicates  that  a readily  removable  instru- 
ment glare  shield  (total  or  partial)  can  be  achieved  by  the  incorporation  of  a 
splice  or  hinged  arrangement.  This  modification  will  improve  access  to  the 
windshield  attaching  fasteners. 


Cost  Analysis 

The  cost  analysis  for  the  proposed  change  is  summarized  in  table  15. 

It  presents  the  10-year  life  cycle  cost  projected  for  the  present  concept  as 
compared  to  the  cost  of  redesign,  requalification,  retrofit,  and  reduced 
maintenance.  Table  16  is  a detailed  cost  analysis  statement  of  the  step-by- 
step  assembly  of  logic  and  costing  factors  used  to  develop  the  cost  trade. 

The  level  of  costs  associated  with  condemnation  and  spares  activity  is 
not  always  fully  defined  in  the  K051  IROS  data.  Consequently,  it  was  necessary 
to  supplement  this  information  from  a buildup  of  spares  replacement  and  cost 
from  the  MAM' s analysis.  This  is  shown  in  the  current  cost  determination 
shown  in  table  16.  Since  this  analysis  represents  a net  variation  in 
spares  activity  of  current  to  projected,  the  application  of  this  increment  as 
applied  to  the  current  logistical  costs  is  therefore  considered  to  be  valid. 

The  total  nonrecurring  cost  developed  for  an  improved  windshield  tempera- 
ture controller  to  be  used  on  the  T-39A  amounts  to  $132,920.  Based  on  experi- 
ence with  the  T-39A,  it  has  been  estimated  that  the  development  cost  for  a 
similar  controller  to  be  used  on  the  B-52G/H  will  be  $140,000. 
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Figure  14.  B-52G/H  Windshields  and  Windows 
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Figure  IS.  Fault  Tree  B-S2  G/H  Windshield  Installation 
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MODEL  B-52  G/M  I WINDOW  | WUC  1 1DCT  TITLE  SLIDING  WINDOW 


Figure  16.  Fault  Tree  H-52  G/H  Sliding  Window 
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WUC  1 1 DCR  WINDSHIELD  NO.  2 WUC  IIDC8  WINDOW  NO. 
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Figure  17.  B-S2G/H  Windshield  Failure  Analysis  Summary 


TYPICAL  FOR  PANELS  I,  2,  3,  4,  & 5 
THICKNESS  SHOWN  FOR  PANEL  42 


Figure  18.  B-52G/H  Existing  Windshield  Configuration 
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Figure  19.  B-52G/H  Proposed  Windshield  Cont'igurar ion 


TABLE  lo.  COST  ANALYSIS 
B-52G/H  TRANSPARENCY  SYSTEM 

PRESENT  CONCEPT 
FIELD  MAINTENANCE 


Windshield  and  windows 


WUC  total  (refer  to  page  99) 

Total  years 

Escalation  factor  1976-1983 

Total  10-year  LCC  windshield  and  window  field  maint 

$ 139,218/vr 

10 

1.419 

517375",  503 

Controllers 

WUC  total 

Total  years 

Escalation  factor  1976-1983 

Total  10-year  LCC  controller  field  maintenance 

$ 54,550 

10 

1.419 

5774,064 

Instrument  glare 

WUC  total  labor  per  shield  (KC-135A  experience) 

Total  glare  shields 

Total  annual  hours 

Labor  rate  per  A/F 

Total  annual  cost 

6 hr/unit 

335/unit 

2,010  hours 
$ 14/hour 

5 28,126 

Escalation  for  1976-1983 

Total  10 -year  LCC  instrument  glare  shield 

1.419  x 10 
5353,110' 

TOTAL  PRESENT  10-YEAR  LCC  FIELD  MAINTENANCE  COST 

$ 3,148,677 

SPECIAL  REPAIR 

< 

- 

Controller 

Units  requiring  special  repair 

Average  cost  of  repair  (KC-135A  baseline) 

Total  annual  special  repair 

Escalation  for  1976-1983 

Total  annual  cost 

$ 39 

$ 188 

5 77333 

1.419 

5 I57TO 

TOTAL  10-YEAR  LCC  CONTROLLER  SPECIAL  REPAIR 

$104,041 
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TABLE  16.  COST  ANALYSIS  (Continued) 
B-52G/H  TRANSPARENCY  SYSTEM 


PRESENT  CONCEPT  - Continued 
SPARES 
Windshields 

WUC  total  (refer  to  page  99) 

Total  years 
Escalation 

Total  10-year  LCC  windshields  and  window  spares 
Controllers 


$ 293,367 

10 

1.419 

$4,162,878 


Total  quantity  spares/year  (39  x 0.446) 

Unit  cost 
Total  annual  cost 
Total  years 
Escalation 

Total  10-year  LCC  controller  spares 

TOTAL  SPARES  AND  SPECIAL  REPAIR 

TOTAL  B-52G/H  10-YEAR  LCC  SPARES,  SPECIAL  REPAIR, 
AND  FIELD  MAINTENANCE  (PRESENT  CONCEPT) 


10 

1.419 

$199,980 


$ 4,446,899 


$7,615,576 


TABLE  16.  COST  ANALYSIS  (Continued) 
B- 52G/R  TRANSPARENCY  SYSTEM 


REDESIGNED  CONCEPT 


NONRECURRING  COST 
Tooling 
(2)  Strip 


PFP  production  flat  pattern 

10  hours 

HDP  hydropress  die 

150  hours 

HTF  heat  treat  fixture 

60  hours 

ilded  silicone  seal 

Mold 

40  hours 

SRD  steel  rule  die 

30  hours 

Total  tooling  labor 

290  hours 

Tooling  labor  dollars 
Tooling  material  at  $6. 00/hr  (incl  OH) 
Total  tooling 
Total  configurations 
Total  tooling  for  shipset 

Engineering 

Design 

TCTO 

Total  engineering  labor 
Engineering  labor  rate 
Engineering  labor 
Engineering  material 
Total  engineering 

Certification 

Engineering 

Testing 


Panel  fabrication  (10  each) 

637  + 340  + 46%  new 
Current  panel  cost 
Frame  at  4 times  boom  sighting 
+ 46%  new 

Total  unit  cost  new 
Total  certification  per  panel 
Total  certification 

Total  nonrecurring  controller 

TOTAL  NONRECURRING  COSTS 


$ 637 
340 
293 
$1,270 

$56,700  x 5 config 


40/hour 
11',  600 
1,740 
13,540 


$66”  700 


1,400  hours 
280  hours 
1,680  hours 


40/hour 
67,200 
110 
$67,310 


4,000 

40,000 


12,700 


"$57700 — 

$283,500 

$140,000 


557,510 
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TABLE  16 . COST  ANALYSIS  (Continued) 
B-52G/H  TRANSPARENCY  b/STEM 


REDESIffilED  CONCEPT  - Continued 

RECURRING  COST 

TOTAL  ANNUAL  FLIGHT  HOURS 

TOTAL  AIRCRAFT  IN  FLEET 

AVERAGE  ANNUAL  FLIGHT  HOURS  PER  AIRCRAFT 

TOTAL  SPARES  REPLACEMENT  (REPRESENTATIVE  WINDSHIELD) 

TOTAL  AIRCRAFT  IN  FLEET 


MTBMA  (334  x 3.54)  CURRENT  LIFE 

□.'TRENT  AVERAGE  FLIGHT  HOURS/WINDSHIELD 
PPG  112  EQUIPPED  DC- 10  COMERCIAL 
(2  at  13,000,  6 at  10,000,  3 at  8,000) 

PRIOR  EXPERIENCE  FOR  CCM4ERCIAL/NON-PPG  112  EQUIPPED 

REPLACEMENT  FREQUENCY  FACTOR 

B-52  WINDOW  CURRENT  REPLACEMENT  DURATION 

PROJECTED  REPLACEMENT  DURATION  PPG  112  (2.9  x 3.5) 

REPLACEMENT  FACTOR  FOR  B-S2G/H  TRANSPARENCY  (10  * 10.2) 


FLEET  REPLACEMENT  COST  PPG  112  MODIFIED  TRANSPARENCIES 
(J977/UNIT  x 9 UNITS/SHIP  x 262  SHIPS) 

[$637  + ($633  x CUM  AVG  FACTOR  FOR  500  UNITS  ON  A 92* 
CRC  * $977] 

CONTROLLER  REPLACEMENT 
Unit  cost  old  component 
Cost  factor  redesigned  part  (T-39  data) 

Recurring  cost  new  unit 
Fleet  quantity 
Total  fleet  cost 
Escalation  factor  1978-1983 
TOTAL  CONTROLLER  REPLACEMENT  COST 

FIELD  MODIFICATION  COST  OF  GLARE  SHIELD 
Modification  effort/unit  glare  shield 
Labor  rate 
Total  labor 
Total  units 

TOTAL  FIELD  MODIFICATION  OF  GLARE  SHIELD  COST 
TOTAL  RECURRING  COST 


100,814  hours 
262 

395  hr/yT 
74 

replacement 

262 

3.54 

1,363  hours 
10,000  hours 


3,500 

2.9 

3.2  yr 

10.2  yr 

0.98  per 
lifetime 

$2,303,766 


$ 829 

0.73 

$ 605 

262 

$ 158;  5!0 

1.225 


12.6  hr 
$ 14/hour 

1 175 

262 

5W.ZI7 

$ 2,544,158 
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TABLE  16.  COST  ANALYSIS  (Continued) 
B-52G/H  TRANSPARENCY  SYSTEM 
REDESIGNED  CONCEPT  - Continued 

I ■ ” \ 

FIELD  MAINTENANCE  COST 

WINDSHIELD  AND  WINDOW 
Current  cost 

Reduction  for  MTBMA  ir.  movement  DDCC 

Reduction  for  improved  controller  (1.0-0.16) 

Total  field  maintenance  for  windshields  per  year 

Total  time 

Escalation 

TOTAL  WINDSHIELD  FIELD  MAINTENANCE  COST 
CONTROLLER 

Current  controller  cost 
Reduction  for  increased  MTBF 
Total  field  effort  per  year 
Total  time span 
Escalation 

TOTAL  CONTROLLER  FIELD  MAINTENANCE  COST 

INSTRUMENT  GLARE  SHIELD 
Ctirrent  cost  10  years 
Reduction  in  cost  for  redesign 
TOTAL  INSTRUMENT  GLARE  SHIELD 

TOTAL  10-YEAR  LCC  FIELD  MAINTENANCE  COST 

SPARES  REQUIRED  FOR  NON- DDCC  ACTIVITIES 
WINDSHIELD  SPARES  REQUIREMENTS  ANNUALLY 
Non- DDCC  spares  factor 
Total  non-DDCC  spares  required  annually 
Escalation  factor  1976-1983 
Escalated  annual  cost  of  other  spares 
Total  life  cycle 

TOTAL  10 -YEAR  LIFE  CYCLE  COST  FOR  OTHER  SPARES 

SPARES  REQUIRED  FOR  DDCC  ACTIVITY  CODES 
[(1. 8-1.0)  $194,175] 

TOTAL  WINDSHIELD  AND  WINDOW  SPARES 


$ 

139,218 

0.65 

907462 

0.84 

767JI3 

10  yr 
1.419 

$1,078,62? 


$ 54,550 

0.5 

277275 


10 

1.419 

73577012 


$ 399,110 

0.2 

$797722" 

$ 1,545,479 


$ 293,367 

0.31 


— 

1.419 


129,050 

10 

$1,290,507 


$155,339 
$ 349,415 


81 


TABLE  16.  COST  ANALYSIS  (Continued) 
B-52G/H  TRANSPARENCY  SYSTEM 

REDESIGNED  CONCEPT  - Continued 
CONTROLLER  SPARES 

Replacement  factor  (ref  T-39)  (3.6  x 0.5)  - 1.8 
Spares  factor  » (1.8- 1.0)  - 20.8 
Total  controller  spares  - 0.8  x $1,941,752 
TOTAL  10-YEAR  LCC  SPARES  COSTS 

TOTAL  REDESIGNED  CONCEPT  COST 

TOTAL  PRESENT  CONCEPT  COST 

TOTAL  10 -YEAR  LCC  SAVING 

TOTAL  ANNUAL  LCC  SAVING 
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TABLE  16.  COST  ANALYSIS  (Concluded) 
B-52G/H  TRANSPARENCY  SYSTEM 


CURRENT  COST  DETERMINATION 


Field  Maintenance 

Cost 

WUC 

Hours 

Dollars 

11DC6 

1,159.9 

12,441 

UDC7 

2,174.8 

23,028 

11DC8 

2,552.4 

21,111 

UDCR 

2,555.3 

36,186 

11DCT 

4,491.5 

46,452 

Total 

12,933.9 

139,218 

Spares 


Cost/ 

Total 

Rate 

Units 

Unit 

Cost 

43 

861 

37,023 

81 

604 

48,924 

101 

501 

50,601 

81 

976 

79,056 

147 

529 

77,763 

$10.43 

372 

293,367 

Average  694 

How  Mai  Codes  for  De lamination,  Deterioration,  Chipping,  and  Cracking 


WUC 

HMC/lInits 

11DC6 

11DC7 

11DC8 

11DCR 

11DCT 

Total 

846 

16 

68 

72 

34 

36 

261 

117 

1 

2 

1 

7 

12 

25 

910 

- 

7 

17 

2 

19 

55 

190 

16 

17 

37 

41 

62 

202 

— 

” 

- 

Total  DDCC 

33 

94 

127 

84 

129 

467 

Total  units 

64 

121 

151 

121 

220 

677 

DDCC  $ 

52 

78 

84 

69 

59 

69 

WUC  41HAB 

HMC/Units 

374  43 

160  3 

20  2 

450  2 

615  5 

169  2 

255  1 

58 


Special  Repair  Determination 
Action  Taken  Code 

57.78  hours 
5.75 

4.0 

3.0 
6.25 

2.00 

2.83 

81.61  hours 


0.6667  

39  54.41  hours /year 


DESIGN  IMPROVEMENT  TRADE  STUDY  4,  C-141A  WINDSHIELD  REDESIGN 
Problem 


A review  of  the  reliability  and  maintainability  data  for  the  C-141A 
aircraft  (figure  20)  reveals  that  approximately  30  percent  of  the  cost  of 
maintaining  the  windshield  results  from  cracks,  delamination,  scratches,  and 
chipping.  The  failures  for  these  panels  are  shown  in  figure  21  and  sunmarized 
in  figure  22. 


Proposed  Revision 

In  the  interest  of  reducing  this  high- cost  maintenance  problem,  it  is 
recommended  that  the  following  changes  be  incorporated  in  the  C-141A  trans- 
parency system. 

1.  Incorporate  an  improved  flexible  interlayer,  a zee  strip  edge  frame, 
and  revise  the  edge  sealing  of  the  following  windshield  assemblies: 

a.  11AAA,  center  windshield  panel 

b.  11AAB,  pilot's  main  panel  - LH 

c.  1LAAU,  copilot's  main  panel  - RH 

d.  11AAD,  LH  and  RH  - sliding  clear  vision  panels 

e.  11AAC,  LH  and  RH  - side  panels 

2.  Improve  fastener  attachments. 

3.  Revise  instrument  glare  shield  for  access  to  fasteners. 


Description  of  Change 


The  seven  windshield  panels  involved  fall  into  two  general  categories. 
The  center  and  two  forward  panels  are  fabricated  of  tempered  glass  laminates 


bonded  to  polyvinyl  butryl  interlayers.  (See  figures  23 and  21 j The  left- 
and  right-hand  fixed  side  panels  as  well  as  the  left-  and  right-hand,  sliding, 
dear-vision  panels  are  made  out  of  stretched  acrylic  laminates  bonded  to 
polyvinyl  butryl  interlayers.  (See  figures  2"  and  28.) 

All  of  the  windshields,  including  the  sliding  clear  vision  panel,  are 
installed  with  a cast- in-place  faying  surface  seal. 

Cracking  and  Je lamination  account  for  a major  portion  of  the  glass -PVB 
panel  malfunctions.  In  order  to  reduce  maintenance  effort  associated  with 
these  panels,  the  following  changes  are  suggested.  (See  figures  2s  and  26  ) 
Use  a 0.030  laminate  of  PPG  112,  or  equivalent,  interlayer  to  replace  a like 
amount  of  the  polyvinyl  butryl  adjacent  to  each  glass  surface.  In  order  to 
provide  an  improved  moisture  barrier  replace  the  adhesively  bonded  polysulfide 
burqper  strip  with  a heat  vulcanited  silicone  seal  and  enclose  the  outer  edge 
with  a metal  "tee"  frame  and  polysulfide  faying  surface  seal.  Extend  the 
polysulfide  seal  to  protect  all  exposed  edges  of  the  panel  assembly.  To 
reduce  the  time  required  to  install  the  panel  assemblies,  u>e  a dry,  molded, 
ribbed  silicone  pressure  seal  rather  than  tfie  formed- in-place  polysulfide 
faying  surface  seal.  To  minimite  installation  stress  resulting  from  over 
torquing  bolts,  coordinate  the  length  of  the  bolt  spacers  with  the  design  of 
the  panel  and  the  pressure  seal.  To  reinforce  environmental  sealing,  allow 
the  aerodynamic  seal  to  overlap  the  adjacent  members. 

Regarding  the  acrylic-PVB  panels,  scratches  and  chipping,  in  addition  to 
cracks  and  delaminatians,  account  for  many  malfunctions.  Leaking  is  a cost 
contributor  for  the  sliding,  clear  vision  windshield  panel.  It  is  reconmended 
that  the  PPG- 112  (or  equivalent)  interlayer  and  the  polysulfide  edge  seal  be 
used  with  these  panels  for  the  same  reasons  as  for  their  use  with  the  glass- 
PVB  panels.  It  is  also  recommended  that  the  molded  silicone  pressure  seal  be 
used  with  the  fixed  side  panel.  (See  figure  30.)  Inasmuch  as  the  outer 
acrylic  laminate  is  continuous  and  overlaps  the  supporting  structure,  there  is 
no  need  to  use  the  "tee"  frame  with  these  panels. 


A proposed  environmental  and  pressure  seal  for  the  sliding,  clear  view 
windshield  is  shown  in  figure  29.  The  edge  of  the  seal  land  and  the  panel 
rebate  are  modified  to  minimize  scrubbing  when  the  panel  is  opened  and  closed. 

A silicone  faying  surface  seal  is  formed  in  place  to  accommodate  manufacturing 
and  installation  tolerance  accumulation.  The  silicone  seal  is  formed  over  a 
temporary  spacer  in  the  area  of  the  pressure  seal.  Later  an  extruded  neoprene 
pressure  seal  is  bonded  to  the  land  structure.  It  is  designed  to  provide  an 
interference  fit  with  the  faying  surface  seal. 

To  reduce  the  damage  of  the  acrylic  surfaces  due  to  abrasion,  use  a 
scratch- resistant  coating  such  as  Serracin  HC-1B  (or  equivalent)  on  both  the 
inner  and  outer  surfaces.  (See  figures  29  and  30.) 

Another  very  high  cost  in  maintenance  hours  item  that  is  attributed  to 
this  type  windshield  installation  is  gaining  access  to  the  lower  panel  attach- 
ment. Examination  of  aircraft  of  this  type  indicates  that  a readily  removable 
instrunent  glare  shield  (total  or  partial)  can  be  achieved  by  the  incorporation 
of  a splice  or  hinged  arrangement.  This  modification  will  eliminate  the 
necessity  of  splicing  wire  bundles. 


Cost  Analysis 

The  cost  analysis  for  the  proposed  change  is  sunmarized  in  table  17.  It 
presents  the  10-year  life  cycle  cost  projected  for  the  present  concept  as 
canpared  to  the  cost  of  redesign,  requalification,  retrofit,  and  reduced 
maintenance.  Table  18  is  a detailed  cost  analysis  statement  of  the  step-by- 
step  assembly  of  logic  and  costing  factors  used  to  develop  the  cost  trade. 


The  level  of  costs  associated  with  condemnation  and  spares  activity  is 
not  always  fully  defined  in  the  K0S1  IRQS  data.  Consequently,  it  was  necessaiy 
to  supplement  this  information  from  a buildup  of  spares  replacement  and  cost 
from  the  MAM' s analysis.  This  is  shown  in  the  current  cost  determination 
shown  in  table  18.  Since  this  analysis  represents  a net  variation  in  spares 
activity  of  current  to  projected,  the  application  of  this  incranent  as  applied 
to  the  current  logistical  costs  is  therefore  considered  to  be  valid. 
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Figure  24.  C-141A  Existing  Main  Panel  Configuration 
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Figure  25.C-141A  Proposed  Center  Panel  Configuration 
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Figure  27.  C-14LA  Existing  Clear  Vision  Panel  Configuration 
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Figure  28.  C-14LA  Existing  Side  Panel  Configuration 
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Figure  29.  C-141A  Proposed  Clear  Vision  Panel  Configuration 
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TABLE  17.  DESIGN  IMPROVIDENT  TRADE  STUDY  4 - C- 14 LA  WINDSHIELD  REDESIUsl 


TABLE  18.  COST  ANALYSIS 
C- 14 1A  TRANSPARENCY  SYSTEM 


PRESENT  CONCEPT 

FIELD  MAINTENANCE 

Windshield  and  windows 

WUC  total  (refer  to  page  120) 

Total  years 

Escalation  factor  1976-1983 
Total  10 -year  LCC  windshield  and  windows 

Instrument  glare  shield 

WUC  total  labor  per  shield 
Total  glare  shields 
Total  annual  hours 
Labor  rate  per  K051  IROS 
Total  annual  cost 

Escalation  for  1976-1983 
Total  10-year  LCC  instrument  glare  shield 

TOTAL  PRESENT  10-YEAR  LCC  FIELD  MAINTENANCE  COST 

SPARES 

Windshields 

WUC  total  (refer  to  page  120) 

Total  years 

Escalation  for  1976-1983 

Total  windshields  and  window  spares  LSC 

TOTAL  C-141A  10-YEAR  LCC  SPARES 

AND  FIELD  MAINTENANCE  (PRESENT  CONCEPT) 


$ 340 , 440/yr 

10 

1.419 

$4,830,844 


6 hr/unit 
254  unit 
1,524  hours 

$ 14 /hour 

3 21,336 

1.419 

$302,758 

$ 5,133,602 


$ 542,059 

10 

1.419 

$7,691,817 


$12,825,49 


iLo.a  .ji  . .....  >i.»i 
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TABLE  18.  COST  ANALYSIS  (Continued) 
C- 14 1A  TRANSPARENCY  SYSTEM 

REDESIGNED  CONCEPT 
NONRECURRING  COST 
Tooling 
(2)  Strip 

PFP  production  flat  pattern 
HDP  hydropress  die 
HTF  heat  treat  fixture 
Molded  silicone  seal 
Mold 

SRD  steel  rule  die 

Total  tooling  labor 

Tooling  labor  rate 

Tooling  labor  dollars 

Tooling  material  at  $6.00/hr  (incl  OH) 

Total  tooling 
Total  configurations 
Total  tooling  for  shipset 

Engineering 

Design 

TCTO 

Total  engineering  labor 
Engineering  labor  rate 
Engineering  labor 
Engineering  material 
Total  engineering 

Certification 

Engineering 

Testing 

Panel  fabrication  (10  each) 

1,523  + 340  + 588  new 
Current  panel  cost  $1,523 

Frame  at  4 times  boom  sighting  340 

♦ 30%  new  558 

Total  unit  cost  new  $2,421 

Total  certification  per  panel 
Total  certification  $68,219  x 4 conf ig 

TOTAL  NONRECURRING  COST 


10  hours 
150  hours 
60  hours 

40  hours 
30  hours 


1,606  hours 
284  hours 


$ 4,000 

40,000 

24,219 


I 
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TABLE  18.  COST  ANALYSIS  (Continued) 
C-14IA  TRANSPARENCY  SYSTEM 


REDESIGNED  CONCEPT  - Continued 
RECURRING  COST 

TOTAL  ANNUAL  FLIGHT  HOURS  266  766  hours 

TOTAL  AIRCRAFT  IN  FLEET  *254 

AVERAGE  ANNUAL  FLIGHT  HOURS  PER  AIRCRAFT  1,048  hr/yr 

TOTAL  SPARES  REPLACEMENT  (REPRESENTATIVE  WINDSHIELD)  71 

replacement 

TOTAL  AIRCRAFT  IN  FLEET  254 

3.58 

NfTBMA  (1,048  x 3.58)  CURRENT  LIFE  3,752  hours 

CURRENT  AVERAGE  FLIGHT  HOURS/WINDSHIELD  10  000  hours 

PPG  112  EQUIPPED  DC- 10  COMMERCIAL 
(2  at  13,000,  6 at  10,000,  3 at  8,000) 

PRIOR  EXPERIENCE  FOR  COMERCIAL/NON- PPG  112  EQUIPPED  3 500 

REPLACEMENT  FREQUENCY  FACTOR  2.9 

C- 14 1A  WINDOW  CURRENT  REPLACEMENT  DURATION  2.7  yr 

PROJECTED  REPLACEMENT  DURATION  PPG  112  (2.9  x 3.6)  10.4  yr 

REPLACEMENT  FACTOR  FOR  C-141A  TRANSPARENCY  (10  t 10.4)  0.96  per 

lifetime 

FLEET  REPLACEMENT  COST  PPG  112  MODIFIED  TRANSPARENCIES  $3,941,826 

($2 ,217/UNIT  x 7 UNITS/SHIP  x 254  SHIPS) 


[$1,523  ♦ (1,291  x CUM  AVG  FACTOR  FOR  800  UNITS  ON  A 92% 
CRC  - $2,217] 


FIELD  MODIFICATION  ESTIMATED 

Modification  effort/unit  glare  shield  12.6  hr 

Labor  rate  per  K051  IROS  $ 14/hour 

Total  labor  $ T75 

Total  units  254 

TOTAL  FIELD  MODIFICATION  COST  OF  GLARE  SHIELD  $44, 70'4 

TOTAL  RECURRING  COST  $ 3,986,530 
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TABLE  18.  COST  ANALYSIS  (Continued) 
C-141A  TRANSPARENCY  SYSTEM 


REDESIGNED  CONCEPT  - Continued 
FIELD  MAINTENANCE  COST 
WINDSHIELD 

Reduction  for  MTBF  improvement  DDCC 

Total  field  maintenance  for  windshields  per  year 

Total  time 

Escalation 

TOTAL  WINDSHIELD  FIELD  MAINTENANCE  COST 

INSTRUMENT  GLARE  SHIELD 
Current  cost  10  years 
Reduction  in  cost  for  redesign 
TOTAL  INSTRUMENT  GLARE  SHIELD 

TOTAL  RECURRING  COST 

SPARES  REQUIRED  FOR  NON- DDCC  ACTIVITIES 
WINDSHIELD  SPARES  REQUIREMENTS  ANNUALLY 
Non- DDCC  spares  factor 
Total  non- DDCC  spares  required  annually 
Escalation  factor  1976-1983 
Escalated  annual  cost  of  other  spares 
Total  life  cycle 

TOTAL  10-YEAR  LIFE  CYCLE  COST  FOR  WINDSHIELDS 

TOTAL  10-YEAR  LCC  SPARES  COST 

TOTAL  REDESIGNED  CONCEPT  COST 

TOTAL  PRESENT  CONCEPT  COST 

TOTAL  10-YEAR  LCC  SAVING 

TOTAL  ANNUAL  LCC  SAVING 


$ 340,440 

0.48 

3 — K3 ,411 

10 

1.419 
IT,  318, 80S 


$ 302,758 

0.20 

— m.TTi 
$ 2,379,356 


$ 542,059 

0.52 

Z5T,S71 

1.419 

3997974 

10 

513,999,745 
$ 3,999,745 

$10,744,182 

$12,825,419 

$2,081,237 

$208,124 


TABLE  18.  COST  ANALYSIS  (Concluded) 
C-141A  TRANSPARENCY  SYSTEM 

CURRENT  COST  DETERMINATION 


WUC 

Hours 

Dollars 

Rate 

Units 

'»~C'3t/ 

Unit 

Annual 

Cost 

11AAA 

3,911 

63,786 

70 

1,088 

76,160 

11AAB 

5,769 

89,517 

97 

1,784 

173,048 

11AAC 

3,951 

63,051 

63 

1,436 

90,468 

11AAD 

4,570 

66,510 

57 

1,391 

79,287 

11AAU 

4,020 

57,576 

69 

1,784 

123,096 

Total 

22,221 

340,440 

15.32 

356 

$542,059 

Established  rate  $1, 523/unit 

Annual  How  Mai  Code  average  percentage  attributed  to  de lamination, 
deterioration,  chipping,  and  cracking  (DDCC) 


WUC  11AAA  11AAB 

HMC/Units  Transparencies 

11AAC 

11AAD 

11AAU 

Total 

846 

12 

10 

17 

14 

6 

59 

190 

29 

74 

8 

10 

55 

176 

117 

1 

5 

- 

4 

1 

11 

910 

— - 

— 

1 

10 

11 

Total  HMC 

42 

89 

26 

38 

62 

257 

Total  WUC 

107 

147 

96 

86 

103 

539 

% 

39 

61 

27 

44 

60 

48 
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DESIGN  IMPROVEMENT  TRADE  STUDY  5 , T-3SA  CANOPY  LOCKING  MECHANISM  REDESIGN 

Ptoblem 


A high  cost  contributor  of  the  T-38A  canopy  installation  (figure  31)  is 
due  to  the  rigging  tolerances  associated  with  the  locking  mechanism  and  link- 
age. This  problem  is  traced  to  the  deterioration  of  potting  compound  in  the 
splined  connection  of  the  operating  cranks.  The  accumulation  of  backlash  that 
can  occur  at  16  locations  causes  canopy  locking  problems.  See  figures  32  and 
33. 


The  above  problem  was  uncovered  during  the  field  audit  of  T-38A  mainte- 
nance facilities.  Examination  of  MAMS  printout  as  shown  in  figure  A- 5 of 
Appendix  A demonstrates  the  lack  of  adequate  visibility  for  the  identification 
of  this  very  significant  and  costly  maintenance  problem.  It  points  out  the 
need  for  a means  of  altering  or  expanding  the  identification  of  the  work  unit 
code  when  a high  frequency  maintenance  problem  surfaces. 


Proposed  Revision 

The  proposed  fix  for  this  problem  is  to  redesign  the  locking  mechanism  to 
provide  a more  positive  attachment  and  to  completely  eliminate  backlash. 


Description  of  Change 

Adjustment  of  the  T-38A  canopy  locking  mechanism  is  sensitive  and  cri- 
tical. A feature  that  contributes  to  many  hours  of  maintenance  time  is  back- 
lash that  accumulates  between  the  serrations  of  the  downlock  shafts  and  the 
operating  cranks.  There  are  16  places  in  the  T-38A  aircraft  where  this  back- 
lash can  occur.  (Reference  T.O.  IT-38A-2-2,  figures  31  and  34.) 

The  existing  installation  of  the  operating  crank  utilizes  "Epon  815" 
adhesive  to  fill  the  space  between  the  splines  in  the  operating  crank  and  the 
downlock  shaft.  Wear  and  tear,  through  normal  usage  of  the  canopy  locking 
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mechanism,  results  in  the  accumulation  of  backlash,  until  it  becomes  necessary 
to  disassemble  the  mechanism  in  order  to  replace  the  Epon  815  adhesive  and/or 
the  operating  cranks  and  readjust  the  mechanism. 

In  order  to  provide  a more  positive  attachment  and  to  completely  eliminate 
backlash,  it  is  proposed  to  redesign  the  operating  cranks  to  incorporate  a 
mechanical  clamp  that  is  secured  with  a self- locking,  threaded  fastener. 

Rework,  of  the  existing  lock  assemblies,  is  required  to  install  an  indexing 
pin  in  the  downlock  shaft,  to  ensure  proper  alignment  when  the  operating  crank 
is  installed.  The  use  of  the  Epon  815  adhesive,  retaining  pins,  and  safety 
wire  is  eliminated.  (Reference  T.O.  IT-38A-2-2,  figures  31  and 34.  ) 


Cost  .Analysis 

Tables  19  and  20  present  a summary  and  a detailed  breakdown  of  the  costs 
involved  in  the  modifying  of  the  aircraft  to  incorporate  this  feature.  The 
cost  shown  reflects  labor  rates  as  established  from  the  MAM's  failure  analysis 
and  cost  of  materiel,  etc,  as  used  in  the  Rockwell  pricing  process. 


Lock 

crank 


\ 


Li 

c 


Canopy  internal 
control  handle  ^ 


: jgure  32.  fault  Tree  T-38A  Canopy 


EXISTING  LOCK  AS  SY 

OPERATING  CRANK  f PIN 
USES  EPON  8 IE  ADHESIVE  TO 
REDUCE  BACKLASH 
REF  T.O.  IT  - 38A-2-2  PAGE  9-/ S3 


EXISTING  CONFIGURATION 


ELIMINATE  / SPLINE  TOOTH 
INLINE  WITH  SLOT 


SELF  LOCKING 
THREADED 
FASTENER 
BOLT 
WASHER 

nut 


•EXISTING  LOCK  ASST  ( REWORKED ) 
•REDESIGNED  OPERATING  CRANK 

•ELIMINATES  BACKLASH 

PROPOSED  CONFIGURATION 

Figure  34.  Proposed  Configuration  T-.T8A  Canopy  Hook,  Operating  Crank 
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TABLE  20.  COST  ANALYSIS 
T-38A  CANOPY  LOCKING  MECHANISM 

PRESENT  CONCEPT 

FIELD  MAINTENANCE  CANOPY  LOCKDOWN  MECHANISM 
WUC  total  cost 

Percentage  of  effort  for  mechanism  adjust/repair 
(refer  to  Current  Cost  Determination) 

Total  field  maintenance  for  mechanism  adjust/repair 
Escalation  factor  1976-1983 
Total  projected  annual  field  maintenance 
Projected  lifetime  of  aircraft 
PROJECTED  10-YEAR  LSC  FOR  LOCKING  MECHANISM 
FIELD  MAINTENANCE 


OTHER  FIELD  MAINTENANCE 

WUC  total  cost 
Less  mechanism 

Total  other  field  maintenance 
Escalation  factor  for  1976-1983 
Escalated  annual  other  field  maintenance 
Projected  aircraft  lifetime 
PROJECTED  FIELD  MAINTENANCE  COST  1978-1988 

TOTAL  T-38A  10- YEAR  LCC  FIELD  MAINTENANCE  COST 


w -k 

i ***. 


TABLE  20.  COST  ANALYSIS  (Continued) 
T-38A  CANOPY  LOCKING  MECHANISM 

REDESIGNED  CONCEPT 
NONRECURRING 


Total  development  + 

16  configuration  x 14,600 

$233,600 

Fabrication  2 units 

at  18  ea  = 36  hr  x 40  = 1,400 

Tooling 

300  hr  x $40/hr  12,000 

Material 

1,200 

Engineering 

872  hours  at  $40/hr 

$34,880 

Testing 

16  units  at  $1,000  ea 

$16,000 

TOTAL  NONRECURRING  $ 284,480 

RECURRING  REPLACEMENT 


16  x 865  units 
Average  unit  cost 
Total  replacement  cost 

Installation  and  adjustment  at  7 hr/A/C  x 865 
Field  maintenance  rate  per  K051  IRQS 
Total  installation 

TOTAL  RECURRING  REPLACEMENT  COST 

FIELD  MAINTENANCE  COST 

Enclosure  maintenance 

Total  cost  of  redesign 
Field  maintenance  on  redesign  10  years 
(refer  to  Redesign  Field  Maintenance) 

Annual  field  maintenance  other  causes  10  years 


13,840  units 
20 


6,055  hours 
$ 14 /hour 


$ 361,570 


$ 646,050 
$ 198,506 


Canopy  locking  mech 

Current  field  maintenance  locking  mechanism 
Linkage  adjustment  other  causes 
Remaining  field  maintenance  on  linkage 
Percentage  of  effort  for  remaining  mechanism 
Current  field  maintenance  locking  mechanism 
Remaining  field  maintenance  on  redesigned  lockdown 
maintenance 

Escalation  factor  for  1976-1983 
Escalated  remaining  field  maintenance 
Projected  duration 
Total  locking  mech  maintenance 


6,901  hours 
-6,202  hours 


10.41 

$ 134,511 


13,989 

1.419 


TOTAL  10-YEAR  LCC  FIELD  MAINTENANCE  COST 


I 

t 
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TABLE  20.  COST  ANALYSIS  (Continued) 
T-38A  CANOPY  LOCKING  MECHANISM 


SUMMARY 

TOTAL  REDESIGNED  CONCEPT  COST 
TOTAL  PRESENT  CONCEPT  COST 
TOTAL  10-YEAR  LCC  SAVING 
TOTAL  ANNUAL  LCC  SAVING 


$4,957,030 
$6,021,189 
$1,064,159 
$ 106,416 


TABLE  20.  COST  ANALYSIS  (Concluded) 
T-38A  CANOPY  LOCKING  MECHANISE 


CURRENT  COST  DETERMINATION 


Field  Maintenance  Cost 


Spares 


WUC 


Unit 

Total 

Hours 

Dollars 

Rate 

Units 

Cost 

Cost 

11211  8,032.7  245,322 
11311  6,033.35  179,004 
Total  WUC  14,066.05  424,326 


30.17 


Adjustment-Oriented  How  Mai  Codes 


WUC 

11211 

11311 

Total 

HMC  Units  Remove /Rep lace 

127L 

127G 

16 

5 

21 

127P 

4 

4 

8 

108 

- 

- 

- 

135 

- 

1 

1 

561 

- 

- 

- 

730 

1 

3 

4 

bOOF 

1 

1 

2 

931 

- 

- 

- 

932 

- 

- 

- 

Total 

TF 

~TT 

Total  WUC 

3,711 

2,995 

6,706 

% 

0.5 

0.4 

0.5 

HMC  Hours 

12  7L 

3,558.91 

2,643.99 

6,202.9 

127G 

198.12 

78.18 

276.3 

127P 

30.67 

18.67 

49.34 

108 

0.17 

- 

0.17 

135 

14.59 

13.42 

28.01 

561 

7.75 

- 

7.75 

730 

7.75 

94.94 

102.69 

800F 

2.00 

2.00 

4.00 

931 

18.17 

- 

18.17 

932 

8.25 

3.75 

12.00 

Total 

3,846.38 

2,854.95 

6,701.33 

Total  WUC 

12,048.4 

9,049.58 

21,097.98 

I 

31.9 

31.5 

31.7 
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MOST  COST-EFFECTIVE  PARAMETERS 


Ch  the  basis  of  the  design  improvement  trade  studies  contained  in  this 
section,  it  was  determined  that  the  most  cost  effective  changes  resulted  from 
revised  concepts  aimed  at  correcting  problems  caused  by  environmental  factors 
such  as  moisture  penetration,  solar  heating,  etc.  This,  however,  was  limited 
to  exclude  material  and/or  processes  that  require  large  developmental  programs. 


LEAST  COST-EFFECTIVE  PARAMETERS 


Studies  indicate  that  design  improvements  considering  significant  changes 
to  the  geometric  characteristics  such  as  panel  size,  fabrication  concept,  etc, 
are  considered  to  be  the  least  cost  effective.  Studies  accomplished  to  date, 
however,  indicate  that  design  improvement  is  possible  by  the  judicious  choice 
of  materials  and  selected  type  of  construction  arrangements  that  are  currently 
available. 


OTHER  CANDIDATE  STUDIES 


The  many  studies  directed  at  the  identification  of  corrective  programs 
for  reduced  logistical  cost  entailed  the  review  of  many  transparency  system 
maintenance  problems.  In  view  of  the  effort  required  to  research,  analyze, 
and  assemble  these  data,  the  scope  of  the  program  permitted  the  development  of 
only  five  design  improvement  studies.  Since  the  five  trades  represent  only  a 
few  of  the  viable  improvements  that  may  be  considered,  the  following  is  a 
listing  of  potential  improvement  candidates  that  may  be  implemented  at  some 
future  date. 

1.  Develop  Quick-Cure  Sealants  and  Aerosmoothing  Compound 

The  need  to  shorten  the  downtime  of  aircraft  due  to  prolonged  sealant 
curing  time  is  considered  to  be  of  paramount  importance  to  squadron 
comnanders.  It  is  desired  to  develop  a sealant  that  will 
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significantly  reduce  curing  time  and  maintain  or  increase  the  work 
time  required  for  component  replacement. 

2.  Design  Panel  Edge  Framing  for  Improved  Resistance  to  Moisture  Penetra- 
tion 


One  of  the  greatest  problems  that  causes  serious  reduction  of  optical 
qualities  in  windshield  assemblies  is  delaminations , principally 
attributed  to  moisture  penetration  of  panel  edges.  The  consideration 
of  zee- type  edge  members  to  improve  weather  sealing  is  suggested. 

This  type  of  construction  is  prevalent  in  commercial -type  transport 
aircraft,  and  should  be  considered  for  use  in  applicable  military 
aircraft. 

3.  Expand  Development  of  Dry  Seals 

In  recent  years  the  application  of  dry  seals  to  combat  the  moisture 
penetration  problem  has  shown  promising  results  in  various  aircraft. 
This  concept  has  resulted  in  significant  reduction  in  replacement 
man-hours.  It  is  therefore  recommended  that  greater  use  of  this 
arrangement  be  explored. 

4.  Improve  Frame- to-Transparent-Panel  Attachment 

Increased  design  studies  aimed  at  improving  frame- to- transparent  - 
panel  attachment  to  prevent  local  stress  risers  should  be  expanded. 
Despite  technical  order  procedures  in  torquing  of  fasteners  after 
replacement,  cracks  emanating  from  fastener  holes  frequently  occur. 

5.  Uniform  Fastener  Attachment 

Many  of  the  windshields  and  enclosures  reviewed  during  the  field 
audit  phase  contain  an  extremely  large  variety  of  fasteners.  This 
causes  a significant  expenditure  in  the  assembly  and  handling  of 
fasteners  during  the  process  of  removal  and  replacement  operation, 
and  in  the  logistics  of  purchasing  and  stocking  of  these  items.  It 
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is  reconmended  that  trade  studies  be  developed  for  the  purpose  of 
reducing  the  numbers  and  types  of  different  fasteners  required  in  a 
transparency  assembly. 

6.  Design  Frame  for  Improved  Transparent  Installation 

The  reinstallation  of  transparencies,  especially  fighter- type  canopy 
enclosures,  requires  an  extremely  large  number  of  man-hours,  and 
specialized  equipment.  This  is  principally  attributed  to  alignment 
and  rigging  problems.  To  reduce  this  problem  it  is  suggested  that 
relative  stiffness  of  frame  to  glass  be  reviewed  to  avoid  or  minimize 
rigging,  alignment,  and  tolerance  problems.  This  relationship  should 
be  seriously  considered  in  procurement  of  future  transparency  systems. 

7.  Improved  Access  to  Windshield  Fasteners 

The  access  to  windshield  fasteners,  especially  the  lower  rows,  is 
quite  frequently  very  restricted.  In  some  aircraft,  it  is  sometimes 
necessary  to  cut  wire  bundles  for  access.  To  alleviate  this  problem, 
the  incorporation  of  quick- disconnects  is  recommended. 

8.  Improve  Sliding  Window  Mechanisms  and  Controls 

Failure  analysis  of  sliding  window  mechanisms  indicates  high  frequency 
of  adjustment  and  breakage  of  tracks,  brackets,  drives,  latches,  etc. 
Design  improvements  to  prolong  the  life  of  these  parts  are  needed. 

9.  Shock-Absorbing  Devices  for  Sliding  Windows 


Examination  of  MDCS  of  AFM  66-1  for  sliding  windows  indicates  high 
rates  of  cracking  and  breakage  of  the  panel  assemblies.  Field  mainte- 


nance personnel  attribute  much  of  this  problem  to  induced  shock 


induced  by  window  opening.  It  is  therefore  suggested  that  shock- 
absorbing devices  be  considered. 


10.  Improve  Coatings  for  Windshields  and  Canopy  Components 

The  problems  associated  with  abrasions  caused  by  environmental  factors 
such  as  icing  and  sand  blasting  and  especially  those  induced  by 
ground  handling  cause  excessive  maintenance  costs.  It  is  recommended 
that  research  for  improved  coatings  be  expanded. 

11.  Improve  Temperature  Controller  and  Sensing  Elements 

Discussion  with  field  personnel  and  evaluation  of  failure  analysis 
indicate  the  need  to  improve  the  reliability  of  temperature  con- 
trollers and  sensing  elements.  The  review  of  modem  solid-state 
devices  should  be  expanded. 

12.  Modify  Flight  Crew  and  Flight  Line  Personnel  Uniform  Scratch- Producing 
Items 

A great  deal  of  scratching  of  transparent  components  is  caused  by 
both  flight  and  ground- handling  personnel.  IXiring  ingress  or  cleaning 
or  maintenance  action,  sharp  items  of  the  uniforms  worn,  such  as 
buttons,  belt  buckles,  tags,  helmets,  etc,  cause  inadvertent  scratch- 
ing. It  is  therefore  suggested  that  nonabrasive  coatings  or  materials 
be  considered  to  reduce  the  damage  to  transparencies. 

13.  Incorporate  the  Work  Unit  Code  Number  in  the  -4  Illustrated  Parts 
Catalog 

As  an  aid  in  the  identification  of  parts  it  is  suggested  that  -4 
illustrated  parts  catalogs  developed  for  future  procurement  contain  a 
cross  reference  of  the  work  unit  code. 

14.  Expand  Level  of  WUC  Description 

Examination  of  the  -06  Work  Unit  Code  Manual  indicates  a lack  of 
adequate  assignment  of  WUC  numbers  and  descriptors.  Although  it  is 
recognized  that  there  must  be  a practical  limit  of  identification  and 
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description,  there  is  need  for  some  extension.  It  is  therefore 
reccranended  *t  an  increased  level  of  identification  and  descriptors 
for  high  maintenance  and  high  cost  contributors  be  appended  to  -06 
manual,  in  the  form  of  amendments. 

IS.  Expand  Indoctrination  of  WUC  Selection  to  Maintenance  Personnel 


IXie  to  the  wide  variety  of  WUC  necessary  to  adequately  define  the 
maintenance  activity,  a great  deal  of  judgment  is  needed  in  the 
selection  of  the  proper  assignment  of  work  unit  codes  and  the  associ- 
ated selection  How-Mal  codes.  To  enable  maintenance  personnel  to 
obtain  a better  understanding  of  the  importance  of  proper  selection 
of  WUC,  it  is  suggested  that  specialized  training  or  indoctrination 
courses  be  included  as  part  of  the  training  process. 

16.  Improve  Content  of  Technical  Manuals 

Discussions  with  field  personnel  indicates  the  transparency  mainte- 
nance instructions  as  contained  in  the  respective  aircraft  technical 
manuals  are  generally  overspecified  and  are  too  extensive,  or  contain 
descriptive  matter  that  is  inadequately  defined.  It  is  therefore 
suggested  that  instructional  text  be  reviewed  for  improved  clarity 
and  consistency  of  procedures. 


120 


SECTION  V 


CONCLUSIONS  AND  RECOMMENDATIONS 


CONCLUSIONS 


The  data  and  the  analysis  assembled  in  this  study  conclusively  indicate 
that  significant  savings  are  possible  in  the  logistical  costs  of  maintaining 
transparency  systems  for  aircraft  in  current  inventory.  Although  these  find- 
ings have  been  recognized  in  previous  years,  the  potential  benefits  of  improved 
design  concepts  have  not  been  fully  recognized  in  terms  of  life  cycle  costs. 
Other  benefits  that  have  been  identified  in  addition  to  reduced  logistical 
cost  are: 


1.  Increased  lifespan  for  maintaining  design  to  optical  qualities 

2.  Increased  reliability  of  transparency  components  and  interactive 
support  systems 

3.  Increased  safety  of  flight 

4.  Development  of  design  improvements  and  concepts  that  can  be  incorpo- 
rated in  the  next  generation  aircraft 

RECOMMENDATIONS 

Having  identified  the  problems  and  associated  costs  for  the  transparency 
systems  for  the  20  selected  study  aircraft,  it  is  recommended  that  a design 
improvement  program  be  implemented.  The  program  envisioned  would  proceed  with 
a preliminary  design  (layout  to  adequate  level  of  detailing)  for  the  five 
design  improvements  identified  in  section  IV.  This  effort  should  validate  to 
the  detail  level  the  concepts  selected,  review  the  system  and  aircraft  inter- 
face, and  validate  costs.  If  the  results  of  this  program  verify  the  conceptual 
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study  recommendations,  proceed  with  detail  design,  fabrication,  and  retrofit 
program. 


During  the  course  of  this  program,  Rockwell  has  reviewed  data  collected 
from  both  the  Air  Force  and  industry,  and  has  established  a logical  and  system- 
atic approach  to  identify,  assess,  and  analyze  transparency  system  maintenance 
problems.  It  is  therefore  reconmended  that  the  Air  Force  periodically  imple- 
ment additional  programs  to  update  the  established  data  base  and  continue  the 
search  for  design  improvement  studies. 


APPENDIX  A 

SAMPLE  MAINTENANCE  ANALYSIS  MODEL  (MAMS)  PRINTOUTS 


FIGURE  A-l . 
FIGURE  A-2. 
FIGURE  A- 3. 
FIGURE  A-4 . 
FIGURE  A- 5. 


T-39A  DESIGN/COST  MAMS 
KC-135A  DESIGN/ COST  MAMS 
B-52G/II  DESIGN/COST  MAMS 
C-141A  DESIGN/COST  MAMS 
T-38A  DESIGN  COST/MAMS 
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Figure  A-2.  KC-135A  Design/Cost  MAMS  (Continued) 


DESIGN/COST  MAINTENANCE  ANALYSIS  MODEL 


151 


Figure  A-2.  KC-135A  Design/Cost  MAMS  (Continued) 
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Figure  A-2.  KC- 135A  liesign/Cost  MAMS  ("Continued) 


Figure  A 2.  KC-13SA  Design/Cost  MAMS  (Concluded) 
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Figure  A- 3.  B-52G/H  Design/Cost  MAMS  (Continued) 
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Figure  A- 3.  B-52G/H  Design/Cost  MAMS  (Continued) 
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Figure  A- 3.  B- 52C]/U  Design/Cost  MAMS  (Continued) 
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Figure  A-4.  C-141A  Ilesign/Cost  MAMS  (Continued) 
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Figure  A-4.  C- 141A  Design/Cost  MAMS  (Continued) 
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Figure  A-4.  C-141A  Design/Cost  MAMS  (Continued) 
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Figure  A-4.  C-141A  Design/Cost  MAMS  (Continued) 
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Figure  A-5.  T-38A  Design/Cost  MAMS  (Concluded) 
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ERRATA  - July  1979 


The  corrections  on  the  following  four  pages  are  applicable  to 
AFFDL-TR-78-153,  "Aircraft  Transparency  Failure  & Logistical  Cost 
Analysis  - Volume  III  Transparency  Analysis,"  December  1978. 


AIR  FORCE  FLIGHT  DYNAMICS  LABORATORY 
AIR  FORCE  WRIGHT  AERONAUTICAL  LABORATORIES 
AIR  FORCE  SYSTEMS  COMMAND 
WRIGHT-PATTERSON  AIR  FORCE  BASE,  OHIO  45433 
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Some  of  the  units  for  the  logistical  support  cost  parameters  are 
in  error.  The  last  paragraph  should  read  as  follows. 

The  equations  that  resulted  from  the  analysis  are  shown  in  table 
5 thorugh  7.  A typical  example  of  the  equation  derived  is  the  equation 
for  logistic  support  cost  per  100  flight  hours  for  canopies  (table  5) 
which  is  equal  to: 

-19.46402  - 0.65119  (transparent  area  in  in.2/100) 

+ 13.85458  (number  of  transparent  panels)  + 

28.92589  (height  of  transparency  from  ground  in  ft) 

- 0.17236  (cruise  altitude  in  ft/100)+  21.04333 
(stall  speed  in  knots/100)  - 2.34853  (landing  dis- 
tance in  ft/100)  - 1.08204  (A/C  gross  weight  in 
lb/1000)  - 8.88644  (maximum  G-loads)  - 1.05456 
(flight  hours  per  A/C  per  year/100) 

A sample  calculation  using  this  equation  is  as  follows. 

A-7  canopy  logistic  support  cost  per  100  flight 
hours  = - 19.46402  - 0.65119  (2618  4-  100)  + 

13.85458  (1)  + 28.92589  (9)  - 0.17236 
(27000  4-  100)  + 21.04333(145  -i-  100) 

- 2.34853  (3350  -5-  100)  - 1.08204  (39325  4-  1000) 

- 8.88644  (7)  - 1.05456  (102726  4-  367  4-  100)  * 

$35,267. 

Note:  35.267  is  the  "Y  computed"  value  for  case 
1 on  table  5. 


■ 
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Some  of  the  units  for  the  logistical  support  cost  parameters  are 
in  error  in  the  Parenthetic  Notation  for  Tables  1 through  10.  The 
notations  should  read  as  follows. 


(2)  LSC/100  FH 
(4)  MMH/1 ,000  FH 

(7)  Area  (in.2)/l00 

(8)  Weight  (lb) 

(9)  Thickness  (in. ) 

(10)  No.  Layers 

(11)  No.  Panels 

(12)  Height  Above  Ground  (ft) 

(17)  No.  Aircraft/ 10 

(18)  Max  Speed  (kt)/100 

(19)  Max  Alt  (ft)/100 

(20)  Cruise  Speed  (kt)/100 

(21)  Cruise  Alt  (ft)/100 

(22)  T.0.  Dist  (ft)/100 

(23)  Stall  Speed  (kt)/100 

(24)  Ldg  Dist  (ft)/100 

(25)  Gross  Wt  (lb)/l .000 


(26)  Max  (Lim)  "G" 

(27)  Base  Elevation  (ft)/10 

(28)  Extreme  Max  Temp  (°F) 

(29)  Extreme  Min  Temp  (°F) 

(30)  Mean  Max  Temp  (°F) 

(31)  Mean  Min  Temp  (°F) 

(32)  Max  Wind  Speed  (kt) 

(33)  Mean  Wind  Speed  (kt) 

(34)  Humidity  (%)  0 0400  LST 

(35)  Humidity  (%)  @ 1300  LST 

(36)  Mean  Precipitation  (in.) 

(40)  LSC  per  A/C  per  YEAR/100 

*(48)  MMH  per  A/C  per  18  MONTHS/ 10 

(57)  AFH  per  A/C  per  18  M0NTHS/100 

(58)  AFL  per  A/C  per  18  MONTHS/ 100 

(59)  KFH  per  A/C  per  YEAR/ 100 

(60)  KFL  per  A/C  per  YEAR/ 100 


*To  correct  output  to  annual  basis  multiply  by  2/3. 


LST  = local  standard  time 
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The  units  for  the  dependent  logistical  support  cost  parameters 
given  in  Tables  5 through  10  are  in  error. 


Parameter  Reads 


MAINTENANCE  MAN-HOURS 
PER  FLIGHT  HOURS 


LOGISTIC  SUPPORT  COST 
PER  FLIGHT  HOUR 


MAINTENANCE  MAN-HOURS 
PER  AIRCRAFT 


LOGISTIC  SUPPORT  COST 
PER  AIRCRAFT 


Parameter  Should  Read 


MAINTENANCE  MAN-HOURS 
PER  1000  FLIGHT  HOURS 

LOGISTICAL  SUPPORT  COST 
PER  100  FLIGHT  HOURS 

MAINTENANCE  MAN-HOURS  PER 
AIRCRAFT  PER  18  MONTHS/ 10 

LOGISTICAL  SUPPORT  COST 
PER  AIRCRAFT  PER  YEAR/100 
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Additional  information  is  provided  for  tables  5 through  10.  The 
identification  by  aircraft  type  for  the  case  numbers  in  the  tables  is 
as  follows. 


TABLES  5 & 8 

TABLES  6, 

7,  9 & 10 

CASE 

AIRCRAFT 

CASE 

AIRCRAFT 

NUMBER 

TYPE 

NUMBER 

TYPE 

1 

A- 7 

1 

A- 7 

2 

A-37 

2 

A-37 

3 

B-57 

3 

B-52 

4 

FB-111 

4 

B-57 

5 

F-4 

5 

FB-111 

6 

F-15 

6 

C-5 

7 

F-105 

7 

C-9 

8 

F-lll 

8 

C-130 

9 

T-37 

9 

C-135 

10 

T-38 

10 

C-141 

11 

0V-10 

11 

F-4 

12 

F-15 

13 

F-105 

14 

F-lll 

15 

H-l 

16 

H-3 

17 

H-53 

18 

0-2 

19 

T-37 

20 

T-38 

21 

T-39 

22 

OV-IO 

